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• 
INTRODUCTION 
~he current and somewhat controversial trend in swine selection is 
· in ·the direction of a larger framed, later maturing animal. One goal 
-~f producers in changing .to this type of animal is to produce a hog 
-~th more marketing flexibility, t~at is, a hog that may be carried to 
heavier weights without becoming over fat or that could be marketed at 
~ighter weights a: '.d produce a very lean, muscular carcass. 
:Feeding hogs to heavier weights does increase the tonnage of pork 
produced per breeding female maintained and certainly this must be 
considered when evaluating the total production picture. Also, the 
1eed efficiency of the individual market pig itself must be maintained 
·:t-o h eavier weights to satis fy the producer who feeds out purchased 
feeder p igs. 
Excess fat is an unnecessary product in the meat animal industry 
·that is expensive to produce from a feed efficiency standpoint. 
Research discussed later clearly indicates that changes in feed 
~fficiency are closely related to the point at which an animal slows 
bone and muscle growth and begins to fatten. In theory, if this point 
~n be delayed to a heavier weight, a desirable level of feed intake 
~er unit of gain should also be observed at those heavier weights. 
~Packer, retailer and consumer preference is also an important 
consideration. Generally, these people have preferred lighter carcasses, 
~olesale cuts and smaller retail cuts, respectively. However, it is 
difficult to determine exactly how much of this resistance to heavier 
"hogs has been based on the association of a _ higher fat content alone 
Tather than weight. Since many of the meat processing costs can be 
·Bttrib~ted to a per head basis, the cost of processing a heavier hog 
.,,would be lower on a per kilogram basis. 
Nery little research in the area of frame size and live linear 
. 'measurements has been done in swine, especially within the current 
trend. The literature contains much more work which explores carcass 
-{1Ileasurements as indicators of true carcass merit. With this in mind, 
the objectives of this study were (1) to study average daily gain, 
feed efficiency and carcass merit in relation to frame size in pigs 
.taken to heavy weights, (2) to study a series of live measurements in 
~relation to frame size and as a predictor of carcass merit and 
··performance, (3) to study the relationship of average daily gain and 
rate of fattening across frame size groups and (4) to use as ·an end 
~oint kilograms of lean in the ham and loin and study traditional 
carcass measurements in relation to this end point. 
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.REVIEW OF LITERATURE 
An .animal's growth rate or average daily gain can be partitioned 
·i.nto .lean, fat and bone growth. "These are the three major components 
of a carcass and carcass weight increase is the ultimate goal of the 
~ivestock feeder. 
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~An animal's increase in live weight in relation to his age is 
basically a linear response during what is typ~cally called the growing 
~base. As the animal nears his mature weight, this growth rate slows. 
:The growth of the three individual carcass components does not parallel 
-this increase in live weight, ·but rather each has its own distinct and 
repeatable growth curve. 
Assuming that . the animals considered have been on a positive plane 
~f nutrition, the point at which they are slaughtered in relation to the 
eomponent growth curves will dictate the composition of their carcasses. 
This will not be the same for each animal at any given weight due to 
~enetic differences. The discussion which follows will review these 
iactors, as well as the value of linear measurements in relation to 
.these growth curves and the indices of true carcass merit • 
.;:.Growth Patterns 
-The rate at which an animal increases its postnatal body weight 
·-follows a typical curve -with a slow increase in weight for a very short 
~eriod of time after birth, a rapid linear increase with time and a 
:t>lateau as the animal nears its mature weight. The point at which 
growth rate or average daily gain begins to decline is related to the 
.tanimal '.s mature size (Berg and Butterfield, 1976; Crickenberger and 
-Jnack~ 1976; Klosterman and Parker, 1976). 
In the swine population, ·there is considerable variation in the 
c:!Weight at which this rate of growth plateaus, and it appears t .hat this 
_:point may have moved toward heavier weights in the past 20 years. In 
-::work reported in 1959 (Wallace et al.) and 1963a (Buck), pigs appeared 
)t:o peak in average daily gain somewhere between 68 and 95 kilograms. 
-:!;omparing this to more recent work, Neely et al. (1979) reported that 
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-':::average daily gain c·ontinued to increase in crossbred barrows and gilts 
up to the heaviest slaughter weight grot.:,t> of 127 kilograms. Hiries 
~t . al. (1976a) showed that average daily gain up to 100 kg was poorly 
related (r = .04) to average daily gain from 100 to 113 kg in test 
"·station boars. This indicates that some individuals plateaued within 
this weight group, although there is little doubt that considerable 
-,variat.ion exists as to where this plateau occurs on an individual basis. 
:Sex differences have also been observed in growth rate. Bruner 
-.:~ .al. (1958), Wallace et al. (1959) and Siers (1975) all showed that 
barrows gained significantly faster than gilts to typical market weights. 
~rowth curves for muscle tissue, bone and adipose tissue have also 
- ~~een described in several literature sources. Each of these carcass 
~omponents has its "wn distinct growth characteristics which are 
~nitiated and peak at different points in the animal's lifetime. 
c~one growth is the least variable of the three components. When 
·:expressed in terms of growth in grams per ·week, bone develops most 
Tapidly at a young age (}1cNeekan, 1940) and tissue weight of bone 
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"increases only slightly as live weight increases in meat animals 
(Berg and Butterfield, 1976). Expressed as a ratio of muscle to bone, 
xhe newporn animal has a 2:1 ratio which increases during postnatal 
·---development, indicating that muscle growth exceeds bone growth and bone 
-becomes an increasingly sm~ller portion of carcass weight as weight 
increases. This has been shown in cattle (Berg and Butterfield, 1976) 
·~nd in swine (Harbison et al., 1976; R. G. Kauffman, unpublished data). 
=·.Long bone growth continues until the epiphyseal cartilage 
~ disappears, at which point the bone has attained its mature length. 
Data showidg the relationship of this event to mature height or frame 
size in meat animals are currently not available. 
-=Muscle growth occurs somewhat later. In swine, muscle growth 
~~pressed in grams per week appeared to increase up to 12 weeks of age, 
at which point its rate of increase ~as somewhat less (MCMeekan, 1940) . 
. ;:-When expressed as a percent of carcass weight, muscle growth peaked at 
approximately 70 kg in a muscular line of swine in work reported by 
&rbison ~ al. (1976). Muscle growth in an obese line in the same 
-.study began to decline at a lighter weight, indicating a relationship 
of fat qeposition to lean growth. Similar relationships occur in beef 
··.,cattle (Berg and Butterfield, 1976) where percent muscle in the carcass 
.1peaks at -relatively light ~eights and, in terms of percentage of carcass 
-~eight, muscle is replaced with fat as carcass weight increases. 
'Muscle growth is primarily a function of hype_rtrophy, as muscle 
-cell hyperplasia is completed during the fetal period of meat animals 
'{McMeekan 1940: Allen et al., 1974; Powell and Aberle, 1975). Mu.ch , --
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.cof this hypertrophy is due to a transformation of some red muscle fibers 
_£o 'White fibers which have a larger diameter (Ashmore et al. 1972). A 
--.higher ~ate of muscle fiber transformation has been associated with more 
-·::-muscular pigs and some postmortem muscle q.uality problems which will be 
rli~cussed later (Dildey e.t al., 1970; Ashmore et al., 1972). 
Fat content of the carcass is small at birth and is the most 
--variable tissue from that point on throughout the animal's lifetime. 
~imals being fed for slaughter are generally . on a positive plane of 
-nutrition and fat growth begins to increase rapidly at the point where 
-~uscle grc .ith peaked. This was clearly shown by Harbison et al. (1976) 
:fu two lines of swine which differed in their muscle growth pattern 
.. .hut whose fat growth initiation coincided with the cessation of muscle 
.growth in each line. MdMeekan (1940) also saw a rapid increase in fat 
:growth as muscle growth began to level off. 
$ince fat is the last tissue to grow, we would expect that, as an 
~nimal gets heavier, the fat content of the carcass should increase at 
~e expense of percent lean tissue. This has been clearly shown by 
--~allace et al. (1960), Buck (1963a), Lambuth et al. (1970), Berg and 
-··--Butterfield (1976) and Neely et al. (1979). 
-an :·recent "Work with a population of pigs selected for leanness, 
~lls .. a.nd barrows were slaughtered at six weights ranging from 73 to 
137 kilograms. Percent fat in the carcass ~ncreased with weight in 
~l>oth sexes~ although it increased at a faster rate in barrows. Percent 
1ean peaked at the fourth weight group (112 kg) in gil ts, while it was at 
its highest value at 73 kg in barrows. Percent bone decreased in both 
-ISexes as weight increased, but the most dramatic drop occurred at a 
.. lighter weight in barrows than gilts (Martin et al., 1980). 
· -Selection for Leanness and Muscularity 
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Although there have .not been a great number of studies in this area 
~f swine breeding, the long-term research projects have yielded 
interesting results. Basically, the traits of backfat thickness and 
~ongissimus musclr' cross-sectional area are of high enough heritability 
-.(Forrest et al., 19?5) thc1t rapid genetic progress can be expected. 
-One of the most extensive projects on selection for fat thickness 
~has been performed at Beltsville, Maryland (Hetzer and Harvey, 1967). 
Considerable divergence in fat thickness between the low and high fat 
lines of both Durocs and Yorkshires have been observed and realized 
-'heritabilities are in agreement with those of Forrest ~ al. (1975). 
·correlated with the response in fat thickness, percent lean 
-~:-increased and decreased in low and high fat lines of both breeds as 
~xpected . Interestingly, changes in length of carcass were also 
~observed, with low fat lines becoming longer and high fat lines shorter 
than the controls. This was more apparent in Durocs than in Yorkshires. 
iliowever, when compared on a basis of genetic change per year between 
··lines, the significance level was • 01 for both breeds (Hetzer and 
~iller , 19 7 3) • 
Loin eye area changes were also observed, with high fat lines 
·having a reduction in loin eye and low fat lines an increase in 
-'1DUscularity based on this measurement. Aga"in, . in terms of genetic_ 
-~hange per year, significant differences (P<.01) were observed between 
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~ines within breeds. When compared to controls, however, the most 
~ramatic changes were seen in the high fat line Durocs and in the low 
_fat Yo~kshire line. 
Yorkshires had no significant difference in number of ribs between 
lines, but the low fat lines did gain in number of ribs while the high 
fat line lost ribs. Both lines of Durocs lost ribs, but the reduction 
~was significantly greater (P<.05) in the high fat line. The number of 
-vertebrae followed a similar pattern to number of ribs within both 
-breeds (Hetzer and Mi~ler, 1973). 
- ~orr~lated responses of various live body measurements were also 
studied in the same research project. Hetzer and. Miller (1972b) 
reported on changes of length from ear to tail, shpulder height, width 
of shoulders and chest circumference. In both breeds, they found length 
-and height to be negatively correlated with backfat, while width and 
circumference were positively correlated with backfat. The low fat 
selected lines became longer in both breeds, although the largest 
-difference was seen in Durocs. The low fat lines also became taller 
~t the shoulder, while high fat lines became wider and larger in 
~ircumference. The authors concluded that these measurements should 
·not be substituted for backfat probing in a selection program but may 
be useful in conjunction with the backfat probe. 
Selection for high and low fat lines did not have a significant 
influence on growth -rate in Durocs. However, the low fat Yorkshire 
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line was significantly changed (P<.Ol) in the direction of lower 
average daily gains on a basis of genetic change per year (Hetzer and 
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~ines within breeds. When compared to controls, however, the most 
~ramatic changes were seen in the high fat line Durocs and in the low 
_fat Yo~kshire line. 
~orkshires had no significant difference in number of ribs between 
lines, but the low fat lines did gain in number of ribs ·while the high 
fat line lost ribs. Both lines of Durocs lost ribs, but the reduction 
,was significantly greater (P<.05) in the high fat line. The number of 
-vertebrae followed a similar pattern to number of ribs within both 
-breeds (Hetzer and Mi~ler, 1973). 
-~--Corr~lated responses of various l ive body measurements were also 
studied in the same research project. Hetzer and. Miller (1972b) 
-reported Dn changes of length from ear to t ail, shoulder height, width 
of shoulders and chest circumference. In both breeds, they found length 
-and height to be negatively correlated with backfat, while width and 
circumference were positively correlated wi t h backfat. The low fat 
selected lines became longe r in both breeds, although the largest 
-.difference was seen in Durocs. The low fat lines also became taller 
at the shoulder, while high fat lines became wider and larger in 
~ircumference. The authors concluded that these measurements should 
·not be substituted for backfat probing in a selection program but may 
be useful in conjunction with the backfat probe. 
Selection for nigh and ~ow fat lines did not have a significant 
influence on growth rate in Durocs. However, the low fat Yorkshire 
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1ine was significantly changed (P<.Ol) in the direction of lower 
average daily gains on a basis of genetic change per year (Hetzer and 
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·:Miller, 1972a). No difference in services per conception or in number 
·-.<>f pigs farrowed was observed in these lines (Hetzer ·and Miller, 1970). 
~esults of this work are in general agreement with those of 
-2oellner et al. (1963), who observed a decrease in average daily gain 
~th less backfat. Apparently, selection for less ·backfat and more 
-length are not antagonistic, as Craft (1958) observed progress in both 
·traits when reviewing 50 years of swine ·breeding. 
Lasley et al. (1979) reported three ways to affect fat content of 
--'the carcass: (1) selection for hogs genetically alike in mature size 
-- but dif£ering in their ability to become fat, (2) selection for diff~:ent 
-:mature weights and (3) selection for hogs which have an imbalance between 
.their .potential for lean growth and appetite. In practice, the first and 
~econd selection procedures may be difficult to separate. The Beltsville 
study would appear to follow the first method, _since pigs were selected 
=~olely on a backfat probe at 79.4 kilograms. However, the correlated 
respons e in shoulder height cannot be ignored and would indicate a 
:difference in frame size and most likely mature size. The authors' third 
~point, the relationship of appetite, growth and fat deposition, will 
be discussed later • 
.. :Harbison and co-workers' (1976) work, -which has been referred to 
· .-earlier, used two lines of hogs, one selected for -obesity, the other for . 
·•uscularity. The two lines did not differ significantly in separable 
~ean at light live weights of 23 and 45 kilogramso Line difference in 
~his trait first appeared at a live weight of 68 kilograms. Total DNA 
~in the separable lean was the carcass measurement most closely related 
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to muscle content of the carcass and increased twofold in the obese 
~ine and 2.7-fold in the muscular line from 23 to 118 kilograms. This 
-indicated differences in muscle growth in terms of number of nuclei. 
·~en the carcass composition data were expressed graphically for the 
~ix slaughter weights from 23 to 118 kg, it became apparent that the 
true difference between these two lines was in the point of rapid 
decline in muscle growth which occurred at a lighter weight in the obese 
.line ~han it did in the muscular line. The point of initiation of 
rapid fat growth coin~ided with this point in each line and accounted 
£or the obesity of the one line at heavier weights. This is in 
-agreement with the correlated response of loin eye area observed by 
Hetzer and Miller (1973) . 
. In high and low muscularity lines selected by a combination of 
cvisually appraised muscularity and littermate testing, Poweil and 
Aberle (1975) observed in one generation larger loin eyes (P<.Ol), 
less backfat (P<.01) and greater individual muscle weights (biceps 
femoris, P<.01; semitendinosus, P<.05) in the muscular line at 210 
days of age. Differences in these traits were not as apparent in pigs 
slaughtered at younger ages. High and low muscularity lines did not 
·:differ in growth rate • 
. It ·has been recognized that in selection for more muscularity 
··~e cannot shift the proportion of muscle weight from one area of the 
~arcass to an area of greater economic importance. Berg and Butterfield 
~1976) showed this to be true in beef cattle and Kauffman~· al.'s 
-·(1973) work with muscular and nonmuscular gilts shotved that individual 
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~scle weights tend to be constant in their proportion of total muscle 
~eight. In contrast, in a study involving extremes in muscle develop-
:E.ent, Pietrain and Large White hogs did show differences in growth 
Iatios {growth of an individual muscle in relation to total muscle 
:~rowth) of certain muscles. . Heavily muscled Pietrains had significantly 
bigher (P<.OS) growth ratios for some muscles of the pelvic limb and the 
dorsal muscles. including the longissimus, · while Large Whites had 
-significantly (P<.OS) higher growth ratios in muscles of the total 
-.thoracic limb (Davis; 1974) . 
.Allen et al. (1974) reported on physiological maturity of muscle 
~ells in a comparison of Harmel miniature pigs with Minnesota #3 x 
~nnesota Ill crossbreds, which showed the relationship of mature weight 
~nd muscle growth patterns. At similar body weights, there were no 
~ifferenccs i n muscle weights and bone length. A definite plateauing 
,-effect in muscle fiber diameter, indicating a slowing of muscle growth, 
... was seen between 28 to S4 kg in the miniatures, while a similar plateau 
~nccurred at 83 to 109 kg in the Mlnnesota #3 x Minnesota #1. At 54 kg, 
. ~e miniatures were 200 days old, while the Minnesota #3 x Minnesota 
-~1 'Crossbreds were 99 days old. 
:.~ahmy .and Bernard (1970) reported on progress of selecting hogs 
~ver 10 generations on three schemes, feed efficiency alone, a carcass 
~core which indexed length, loin eye and bac~fat and a combination of 
- ~ rcass score and feed efficiency. The most rapid progress in length 
-'and loin eye was evidenced in those lines which included the carcass 
12 
~core, but the most rapid progress in reducing backfat was found in the 
line selected on feed efficiency alone. 
"Ashmore et al. (1972) warned that selection for heavily muscled 
--meat animals favored a high transformation of red to white mus·cle fibers, 
:as the white fibers are larger in diameter and therefore· account for 
·the larger loin eye areas (Forrest et al., 1975). White fibers are 
,associated with a higher rate of anaerobic metabolism (Beecher et al., 
.1965; Addis and Allen, 1970) which _produces lactic acid as an end product. 
A build-up of lactic. a~id has been associated with the pale, soft and 
"'exudative problem in the swine industry. Dildey et al. (1970) found a 
-high ratio of white to red fibers in the longissimus of heavily muscled 
pigs and found this problem to be associated with lower muscle quality. 
Selection for carcass length alone in Large White swine was carried 
-out for five generations. During that time, fat, depth of chest and 
-· carcass conformation all decreased. The increase in carcass length was 
.associated with an increase in the number of vertebrae, but this 
~pparently was independent of long bone growth, as the length ·of hind leg 
-did not change :i,n the five test generations. Growth rate and feed 
-efficien.cy did not change (Duckworth and Holmes, 1968) . 
--,Relationship of Appetite, Growth and Fat Deposition 
.-Lasley et al. (1979) summarized this relationship by saying that 
·selection for increased growth rate results in larger, fatter and more 
~ffi~ient pigs with greater appetites being selected. As we increase 
average daily gain, daily consumption increases in a very positive 
'linear response. Feed per unit of gain is decreased, while fat probe 
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~ncreases. The favorable response in feed efficiency can partially be 
.accounted £or by the fact that fewer days are required to reach market 
·::weight and, therefore, the total maintenance requirement is reduced for 
:t.he individual. 
Similarly, if selection is for average daily consumption, there 
will be an increase in both daily gain and backfat probe. On the other 
~-hand, an animal having an appetite below his genetic potential for lean 
,:growth will not have sufficient nutrient intake for fattening to occur 
{Whittemore, 1979). · 
.These statements are supported in ~art by Neely et al. (1979), who 
saw considerably higher average daily consumption in the fat group of 
.;pigs throughout the test phase (210 days). When looking at average 
,daily gains over specific \veight intervals, the fat pigs gained fastest 
·up to a live weight of 86.2 kilograms. Beyond this point, the lean· group 
·:of pigs had higher ·average dai ly gains. 
Sutherland (1965) noted that fast-growing animals required less 
feed per unit of gain, while Buck (1963b) found a slight indication that 
·f .ast-growing barrows did not produce lean carcasses. He found no 
r~lation~hip between average daily gain and carcass leanness in gilts. 
~A J.owrelationship between days to 90.7 kg and feed efficiency was 
~ound in Yorkshire hogs of all sex groups (Siers, 1975). Least square 
-analysis of test station boars taken to 104 .kg showed that at the same 
~aily intake fatter pigs (fat measured at 104 kg) had lower daily gains 
2llld were less efficient. At ·the same daily gain, fatter pigs. had, larger 
~ 
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~ aily intakes and were less efficient, and at the same efficiency fatter 
·pi.gs were faster gaining and had more appetite (Drewry, 1980). 
~r~bble et al. (1956) found a negative correlation (r = -.48, 
~<.01) between average daily gain and percent four lean cuts. 
Long-term selection for and against backfat was compared to 
jndustry selection goals in terms of appetite and lean gain (Dickerson 
et al., 1977) . Duroc and Yorkshire boars were selected to represent 
.industry pigs, while two other lines were selected for high and low fat 
within the same breeds. Compared to unselected controls, the low fat 
line ate : 4% less per day , had 5% more live weight per unit of feed and 
22% more lean per unit of feed. The high fat line ate 28% more feed per 
day, had 17% less live weight per unit of feed and 31% less lean per 
'·unit of feed. The industry-selected pigs ate 3% more per day, had 6% 
more live weight and 25% more lean per unit of feed. Although impr.ove-
--ment in lean gain/feed was similar in the industry and low fat lines, 
the industry pigs had an important advantage in 30 fewer days to reach 
·100 kilograms. 
Relationship of Feed Efficiency and Fat Deposition 
The previously discussed relationship of daily ga.-· n, daily 
~onsumption, fat probe and feed/gain (Lasley et al., 1979) no doubt 
.-·:existed during the growing phase and therefore the results of other 
research reported are not consistent ·, since they generally take pigs 
-·beyond the growing phase to market weight. Lasley et al. went on to 
show the relationship of these factors over a range of 13.6 to 113.4 kg 
live weight. As weight increased, average daily gain star t ed to 
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~necrease {at approximately 80 kg in their data), while average daily 
- consumption continued to rise. · -With that, the feed/ gain also rose and 
~ains, therefore, became less profitable. This occurrence would appear 
,~o be closely associated with the fattening phase and certainly. the 
relationship of feed efficiency and fat deposition must be considered. 
Du!ing fattening, fat cell size increases are faster than cell 
·yroliferation (Anderson, 1972); and, thus, the percent lipid in adipose 
~tissue ·increases as the animal becomes fatter. Allen et al. (1976) and 
Dickerson (1978) comp·ar_ed the chemical composition of adipose and muscle 
·.tissue. Adipose was much higher in perc2nt lipid (85 vs 5%) and much 
lower in water (12 vs 72%) and protein and nitrogen compounds (3 vs 21%). 
·.:With these vast differences in composit i on and the fact that gram for 
gram lipid is much higher in energy than protein, it becomes obvious 
that fat is energetically an expensive product to produce . 
. at is not surprising, then, that Neely et al. (1979) saw backfat 
increase with weight while feed/unit of gain it)creased. Field et al. 
{1961) noted that feed per unit of gain increased with live weight in 
'-Hampshire barrows and gilts fed to end points of 72.6 kg and 99.8 
:.kilograms_. ..Buck (1963a) saw both feed/gain ·and percentage fat increase 
·:as live weight increased and Drewry (1980) found fatter pigs to be less 
~fficient. 
- ;5Backfat was not highly correlated with .total te~t period feed 
:e£ficiency in individually fed Yorkshire pigs in work reported by Siers 
(1975). Tn similar procedures, Hines et al,- (1976a) eported ·a l ow 
correlation (r = .01) between feed/gain from start to 100 kg with a 
16 
hackfat sonoray at 100 kilograms. However, this correlation increased 
(r -= ~26) when feed/gai.n from 100 to 113 kg live weight was compared to 
the bac~fat reading at 100 kilograms. This suggests that the process of 
.fattening bas an influence on feed effici~ncy. Interestingly, average 
~ily gain to 100 kg was positively correlated (r = .20) with backfat 
at 100 kg~ but gain from 100 to 113 kg was negatively correlated 
.(r = -.18) with .the same variable, indicating that fat pigs were 
~lateauing in gain while leaner pigs were continuing to grow. 
~imilar relationships of fatness and feed efficiency have been 
noted in t·~ef cattle (Smith et ~·, 1976; Crickenberger and Black, 
1976). 
~ ~ture Size and Productio;:_:t_ Traits. 
~e of the most intensive studies in this area was performe4 with 
·turkeys and reported by Goodearl (1947). Turkeys of three mature sizes 
"!Were compared £or growth traits from hatching to 28 weeks. At hatching, 
::..only a small difference of 8.5 g separated the la~ge and small strains, 
~et the large strain males weighed 9.93 kg at 28 weeks compared to 6.8 
ltg £or the smallest strain. ·Feed efficiency data were similar in weeks 
1. .to 4 of .the trial, but the large strain required only two-thirds as 
· ~ch feed per nnit of gain as the small strain from weeks 2!+ ·to 28. 
-:~en ·these data -were .expressed graphically, it was obvious that 
average daily gain for the large strain peaked at a higher weight and 
~~t a higher average daily gain than for the small strain. 
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:These results are in agreement with those of Kidwell and McCormick 
(1956) who stated that meat animals of larger mature size will gain 
£aster, consume less feed per unit of gain and, at a given weight, will 
~ontain less fat than their smaller counterparts. 
In swine, the study involving Harmel miniatures and Minnesota #3 
-x Minnesota //1 (Allen et al., 1974) ·showed that, at a given live weight, 
-muscle weights and bone length were similar, but it took the miniatures 
twice as many days to reach 54 kilograms. Had the comparison been 
made beyond 54 kg, muscle weight and bone length would have been 
different between the two groups because the miniatures had reached 
physiological maturity • 
.In .work involving Hereford and Friesian cattle, mature size was 
xelated to onset of the fattening phase (Berg and Butterfield, 1976). 
-At the .same age, Charolais were leaner and had larger rib eyes than 
.Angus cattle (Klosterman and Parker, 1976). 
~ Linear Measurements and Production and Carcass Traits 
Admittedly, most of the mature size differences already discussed 
include breed differences. Livestock produc.ers interested in taking 
~dvantage of more mature size within their herds have selected for this 
-~ait and interest has increased in linear measurements to identify 
4..bese bigger framed animals. 
Yourteen body measurements were taken by Hines et al. (1976b) at 
"29.5 and 113.4 kg on test station boars representing many breeds and 
·herds. At the light weight, the highest correlations noted were chest 
·depth and average daily gain from 29.5 to 113.4 kg (r = .21), feed/gain 
~nd chest width (r = .42) [that is, the wider chested pigs were less 
.efficient] and final backfat and tail circumference (r = -.40). At 
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the heayy weight, heart girth circumference and average daily gain were 
·positively correlated (r = .34), as were chest width and average daily 
gain ( r = .31). Front leg length, back leg cannon circumference and 
tail c i r cumference at 113.4 kg were all negatively but not highly 
correla ted with final backfat (r = -.33, -.29 and -.24, respectively). 
,In test station barrows, chest depth, chest width, ham width and 
jaw depth were all sign~ficantly (level not given), positively 
correlateu with average daily gains during the test period (r = .52, 
~45, .41 and .43, respectively). Chest depth and width were equally 
-· correlated with backfat (r = • 29), and length of leg was correlated 
~th depth of chest (r = .31) and jaw depth (r = .37). Loin eye area 
was no t associated with any live measurement • . It appears, however, 
-that these measurements wer.e not adjusted for differences in live 
~eight (Christians et al., 1976). 
Carcass depth and width which approximate those chest measurements 
-in the live animal were significantly correlated (r = .28 and .26, 
Tespectively; P<.05) with average daily gain from weaning to 90.7 kg 
(Tribble et al., 1956). Heart girth at 68 kg and 90.7 kg was also 
-~elated t o daily gains (r = .36, P<~Ol; r = .27, P<.05), but these 
~easurements were also negatively correlated with percent lean cuts 
(r = - .• 26, P< .. 05; r = -.46, P< .. Ol). Leg length and body length (poll 
to tail) at 68 kg were negatively associated (P<.Ol) with rate .of gain 
(r = -.33 and -.36, respectively), but these traits were positively 
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.associated (P<.05) with leaner carcasses. Body length at 90.7 kg was 
_not significantly related to gain data or carcass leanness. 
In predicting carcass length from live measurements,· Lidvall et al. 
{1972) found that the poll to tail measurement was significantly (P<.Ol) 
..and highly correlated (r = .78) with carcass length. These pigs were 
-restrained with their head up and top line level for measurements. 
~everal other measurements were taken as predictors of carcass length 
~th ranges of correlation coefficients of .14 to .75. 
<Body width has generally been associated with fatness (\.Jilson 
~ al. , 1958) •· Hankins and Ellis (1934) found a caliper · width of 
~boulder measurement to be highly correlated (r = .74) with percent 
~-.carcass fat. This is in agreement with the work of Hetzer et al. (1950), 
-who found width of middle negatively correlated with lean yield of hams, 
while depth of chest and shoulder height were positively correlated 
~th the same trait. Holland and Hazel (1958) found middle circumference 
and chest circumferenc e to be quite highly, negatively correlated with 
percent lean cuts. 
In beef cattle, deBaca and Mcinerney (1979) criticized the use of 
linear measurements, but deBaca admitted that within his own herd he had 
a correlation of .71 between weight per day of age and hip height in a 
~et of yearling Angus bulls. Wither height was ~ositively correlated 
with edible portion in three different groups of cattle (r = .60, .57 
~nd .54; P<.Ol), although live weight alone accounted for more of the 
:variation in edible portion (Busch et al., 1969). Cundiff et al. (1967) 
-also found live weight to be the best predictor ·of kg of roast and 
steak meat. 
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DuBose et al. (1967) found leg length and body length in beef 
cattle to be correlated with 180-day weight (r = .71 and .72) and the 
~same traits correlated with average daily gain in the feedlot (r = .46 
~nd .41). Body length and leg length themselves are correlated . (r 
.72) and they both were positively associated with boneless retail cuts 
(r = .79 and .62). Again, slaughter weight and carcass weight were 
superior to any live or carcass measurement in predicting the weight 
.~£ boneless cuts. 
-~rme et al. (1959) found no good single predictor of rib eye area 
.. but did find a negative relationship be~ween middle circumference and 
1>ercent primal cuts in beef cattle. 
-Changes in body measurement during the fattening phase in beef 
•cattle have been studied (Lush, 1928). When expressed as percent 
change in proportion to live weight changes, chest width showed a large 
--·positive change, chest girth a small positive change, depth of chest a 
small negative change and l ength of body and wither height quite large 
-·-negative changes. These data indicate that, as animals gained weight 
~--during the fattening phase, they increased in width, while length of 
· -body and wither height did not keep pace with changes in live weight. 
~~hese data give us an indication of the changes in body shape we - might 
~ect as an animal fattens and support the already mentioned data 
which shows body width to be a good indicator of fatness. I also 
supports the idea of the early growth pattern of bone in relation to 
-fat. 
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In lambs, Fritz (1967) found slaughter weight to be the single best 
:predictor of the portion of muscle in the carcass. A regression formula 
using s~aughter weight and leg width was the best predictor of boneless 
leg and a formula using body length and slaughter weight was the best 
predictor of trimmed leg and .loin. Cunningham et al. (1965) showed 
thigh circumference to have a correlation of .27 with retail value per 
-unit of weight. 
The metal backfat probe, another form of measurement in swine, has 
-become a useful and accurate measure of leanness. Hazel and Kline 
(1952) ref ·Jrted some of the early work with the metal probe and found 
correlations ranging from .59 to .79 for four probe sites with the 
.approximate same sites measured on the carcass. An average of the 
~robe sites did give a correlation of .81, with an average of the carcass 
·measurements indicating the value of multiple probing in predicting 
-carcass leanness. Adams et al. (1972) were not as successful, finding 
a smaller correlation (r = .58) with probe site averages and average 
carcass backfat. However, they did find that average probe and average 
carcass backfat were comparably related to percent ham and loin in the 
carcass. DePape and Whatley (1956), Price et al. (1957) and Pearson · 
~ al. (1958) all found the probe to be superior to average carcass 
·backfat measurements in predicting indices of carcass merit. Robinson 
~ al. (1960) found probe measurements to be -of value in predicting 
~ercent lean cuts from regression formulas. Gray et al. (1968) found 
·heritabilities to be similar for fat 'lileasurements at t he three pr&Jbe 
sites and that carcass fat could be _substantially decreased through 
~election based on live -probe. 
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~ltrasonics has been used as a painless alternative to the metal 
- ~robe. Hazel and Kline (1959) £ound the ultrasonic measurements _nearly 
as accurate in predicting carcass backfat as the metal probe. Consider-
- ~ble work has been done with predicting loin eye area and carcass lean 
content with ul·trasonics, but the results have not been c·onsistent 
,(Price et al.~ 1960a~b; Koch and Varnadore~ 1976; Fredeen et al., 1979). 
-visual Appra isal 
. Although there are both opponents and proponents of this practice, 
it -has been used a great deal in livestock selection. Visual appraisal 
--:was · no doubt used long before scales were in -widespread use or anyone 
:,gave thought to using linear measurements. 
:Sherritt ~ al. (1967) found that individuals varied in their 
.-ability to accurately assess carcass traits in hogs at slaughter weight. 
-·ihrough three consecutive annual contests, they found several swine 
~roducers who consistently ranked high when scored on deviations from 
~ctual values. Average correlations with actual data for all appraisers 
~ere .'carcass length, r = .66; percent ham and loin, r = .61; backfat, 
r = ~52 and loin eye area~ r = .51. Lidvall et al. (1972) reported 
-·'Correlations between estimates and actual carcass length to be • 64, • 69 
·.cand • 74 (P<.Ol) for three judges. Holland and Hazel· (1958) found a 
,isual score of condition to be correlated (r = -.56) wi th percent 
lean cuts and Cross et al. (1970) noted a correlation of -.49 (P<.Ol) 
~th percent lean. These two traits were visually appraised in the 
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~arcass; but, since the hog carcasses were only dehaired, much of the 
~ifferences in carcass shape would have been detected in live animals. 
Bratzler and Margerum (1953) found judges to be more accurate in 
'their assessment of length and backfat in lighter weight hogs. Kauffman 
et al. (1973) visually selec~ed muscular and nonmuscular gilts of equal 
·fatness and found the muscular pigs t ·o be leaner and the nonmuscular 
gilts fatter than anticipated. They concluded that animal or carcass 
shape is a significant factor in determining carcass composition, but 
~ts role is minor when· compared to fatness. · Muscular gilts did have a 
higher muscle to bone ratio than nonmusc..1lar gilts (P<.Ol). 
In beef cattle, fat thickness and cutability can generally be 
~ore accurately appraised in the live animal than rib eye area or 
~uality grade characteristics (Gregory et al., 1962; Wilson et al., 
1964; Brackelsberg and Willham, 1968; Busch et al. 1969). 
In lamb carcasses, conformation score was a better indicator of 
··carcass merit than longissimus muscle area in lean ram carcasses, but 
it lost its value as a lean predictor in fatter ewe and wether carcasses, 
indicating the influence fat may have in visual appraisal (Carpenter 
~ al., 1969). 
Carcass Measurements as Indices of Carcass Merit 
For obvious reasons, scientists have been interested in finding 
-~asily obtained carcass measurements which are useful in predi ting 
the lean edible portion in a carcass. Considerable research has been 
performed in this area comparing individual measurements and combina-
tions of measurements with actual separation of lean, fat and bone. 
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Indicator cuts have been used as a shortcut method for determining 
_percent lean, fat and bone in the carcass. Aunan and Winters (1949) 
-found percent lean in the ham to be correlated with percent lean in the 
:belly (r = .78, P< .. 01). They also found fat content of the loin to be · 
a strong indicator of fat in .other primal cuts. 
With prescribed boundaries relative to the longissimus muscle, a 
Iatio of fat to . lean on the surface of a cut made at the lOth rib was 
~slightly better than longissimus area alone in predicting percent lean 
in pork carcasses (Pearson et al., 1956). 
_The f..1t content of the loin was slightly superior to. average 
·backfat when these traits were correlated with total fat. in the carcass 
(r = .83 vs r = .76) [Stouffer and Burgkart, 1965]. 
Smith and Carpenter (1973) used several indicator cuts of the loin~ 
shoulder and jowl and broke these into lean, fat, bone and skin. The 
loin and. shoulder cut components were highly correlated with carcass 
-components with a range in correlations of .72 to .91 (P<.01). The 
jowl was less valuable in predicting carcass components. 
-Carcass weight affects carcass merit, as an increase in carcass 
-weight or live animal weight usually is accompanied by an increase in 
-carcass fat content. Cross et al. (1973) noted correlations of 
-carcass weight with percent trimmed r~m and loin of -.21 (P<.Ol) and 
-with percent four lean cuts of -.19 (P<. 01) •. Smith and Carpenter 
(1973) found side weight to be negatively correlated (r = -.24, P<.Ol) 
~th -percent four lean cuts and Cross et al • . (1975) reported a correla-
-tion of -.19 (P<.01) for the same traits. Both ~allace et al. (1959} 
.and Emerson ~ al. (1969) found percent lean cuts to decrease as live 
·'Weight increased in market swine as did Aunan and Winters (1949) . 
. In .beef cattle, live weight and/or carcass weight are· strong 
:_predictors of the weight of edible portion but similar to swine, .as 
-carcass weight increases, percent edible portion decreases .(Green, 
1954; Cundiff et al., 1967; Busch et al., 1968). 
The longissimus muscle, the major muscle of the wholesale pork 
loin, has been the center of much research to determine the lean 
portion of a carcass. ·various measurements of this muscle have been 
xested. Aunan and Winters (1949) multiplied loin eye width by the 
-depth to determine area and found this to be positively .correlated 
(r = .35) with percent lean in the carcass. Pearson et al. (1956) 
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found a ratio of lean and fat area exposed at the lOth rib to be only 
slightly superior to loin eye area alone and Topel et al. (1965) found 
-the weight of the separated longissimus muscle to be correlated (r = 
-10) with lean cut weight. They concluded that lOth rib loin eye area 
--was a suitable predictor, although it ·did not account for as much 
variation as did whole muscle weight. 
~er a wide range in weight, Miller and Wheat (1970) showed a 
eurvilinear relationship between loin eye size and live weight. However, 
within a range of 81~7 and 108.9 kg live weight, it was quite linear. 
~ey reported correlations of .55 (P<.Ol) with percent ham and loin 
eye area. Longissimus area was positively correlated with weight of 
~various wholesale cuts of pork in the range of .39 to . 49 (P<.Ol) 
[Adams~ al., 1972]. 
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Loin eye area at the lOth rib was positively correlated with 
several indices of carcass merit, percent four lean cuts (.46), percent 
ham muscle (.48), percent ham and loin (.54), percent fat-free muscle 
(.66) and kilograms of muscle (.71). It was also negatively correlated 
with average backfat (-.28) [Fahey et al., 1977]. Cross~ al. (1970) 
reported significant loin eye correlations of .48 (P<.Ol) with percent 
lean and -.37 (P<.OS) with percent fat in pork carcasses. Several 
-Dther sources show quite consistent correlations ranging from .57 to .69 
for loin eye area and Iean cut yield, percent lean and four lean cuts 
(Lasley et al., 1956; Holland and Hazel, 1958; Carpenter et al., 1962; 
Gee , 1970; Smith and Carpenter, 1973). Longissimus area is a good 
i ndica t or of carcass muscling and is ~idely used in both beef cattle and 
~amb carcass evaluation (Brackelsberg and Willham , 1968; Abraham et al., 
1968; Fritz, 1967). 
·The location for cross-sectioning the loin to read the loin eye 
area has also been researched. Bowman et al. (1962) studied lean to fat 
rat ios of several cross-sections of the carcass to determine which was 
-the best predict or of separable lean. They found the lOth thoracic 
vertebra to be the best (R2 = .85) of all the thoracic cross-sections 
~nd found only the third lumbar vertebra cross-section to be superior 
(R
2 = .89 ) to the lOth rib cut. 
Comparisons have been made of measuring the longissimus area at 
the lO th rib and last rib in swine. Price et al. (1957) and Breidenstein 
~ al. ( 1963) reported that the lOth rib measurement was superior to 
the last r ib or 12th rib in -predicting carcass m~scling. Cross et al. --
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· (1973) reported the last rib measurement to be superior to the lOth rib 
~n predicting percent ham and loin or percent four lean cuts. In 
.anothe r . study, Cross et al. (1975) reported very little difference in 
these two cross-sections for prediction of percent muscle in the four 
lean cuts. Kline and Hazel (1955) published similar results showing 
-little difference in the lOth and last rib cross-sections. 
Fat is the most variable tissue in the carcass, and a simple means 
·Of measuring fat to accurately assess the percent fat in the carcass 
.bas been. thoroughly studied. 
Fat ~ :~asurements generally have a greater influence on various 
percen tage lean indicators than does loin eye area (Carpenter et al., 
!962; Cross et al., 1970, 1973, 1975; Fahey et al., 1977). Gee (1970) 
~lso found ~verage backfat to be more closely associated with weight of 
edible portion, although the margin was small, while Lasley et al . 
(1956) found loin eye . to have a larger influence on weight of lean cuts. 
Traditionally, three measurements of backfat along the mid-line 
.and opposite the first rib, last rib and last lumbar vertebra have been 
taken on the pork carcass. Fahey et al. (1977) found all three of 
·these measurements plus the average to be highly associated with 
-p~rcentage lean indices. R values ranged from -.52 to -.72. They 
'Teported the last rib measurement to consistently be the best predictor. 
~ oss et al. {1970) found average backfat tq be superior to any of the 
~hree i ndividual measurements for predicting percent fat and percent 
lean in the carcass. Highly significant (P<.01) negati e correlations 
in the r ange of -.60 to -.85 have been reported for the individual 
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three measurements in relation to percent lean cuts and total muscle 
in the four lean cuts (Carpenter~ al., 1962; Cross et al., 1975). 
Average backfat relationships with lean indicators and percentage fat 
~alues have been shown to be strong (Hankins and Ellis, 1934; Aunan 
~nd Winters, 1940; Tribble et .al., 1956; Doornenbal et al., 1962; Buck, 
-1963b; Henry et al., 1963). 
More recent.ly, interest has risen in using a single measurement of 
~at at the lOth rib, since this cut must be made to expose the 
longissimus for measurement. An average of three fat measurements made 
~ver the longissimus muscle at the lOth rib (one-fourth, one-half an~ 
three-fourths the long axis of the longissimus lateral from the chine 
and perpendicular to the skin surface) was more highly, negatively 
correlated to total muscle in the four lean cuts than the traditional 
three mid-line measurements (r = -.90 vs -. 71, -.79 and -.85, respec-
tively; P<.Ol) for the first rib, last rib and last lumbar (Cross et al., 
1975) • . 
Smith and Carpenter (1973) showed that a single lOth rib backfat 
measurement was superior to average backfat in prediction of percent 
-separable lean (r = -.80 vs -.70, P<.Ol) and percent four lean cuts 
(r = -.82 vs -.75, P<.Ol). Cross et al. (1973) observed similar 
·-yes·ults for percent ham and loin. Fahey et al. (1977) also observed 
~hat the single lOth rib fat measurement (three-fourths distance site) 
~as superior to average backfat for several lean indicators. 
A possible explanation for this superiority may be that some 
differences in muscling are accounted for as well as fat thickness in 
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the single lOth r i b measurement. Gee's (1970) data showed that loin 
--eye had a slightly l arger influence on two fat measurements over the 
longissimus at the lOt h rib than it did on average backf at. Boggs and 
~rkel (1979) reported that larger loin eyes caused the lOth rib .f at 
.measurement to be smaller than the average backfat measurement on the 
same carcass, while small, flat-shaped loin eyes can cause the lOth rib 
.measurement to be larger than the average backfat measurement. 
Unpublished data observed by this author indicate that loin eye size 
-.does influence the difference between average and l Ot h rib backfat 
(W. Vanderwert and D. H. Gee, unpublis ht J data). 
Data published on carcass length are more confusing an d , therefore , 
length has become a cont r overs i a l measurement in swine carcass 
evaluation. 
As live weight increases, carcass leanness decrease s as has a lready 
been discus s ed. At the same time , carcass length increases (Nee ly 
~ al., 1979; Mart inet al., 1980) and, therefore, i t become s difficult 
to determine the effect of carcass lengt h on leanness. This ·wa s the 
case with Aunan and Winters (1949) who reported that length was not 
-associated with carcass leanness in a group of pigs from a wide weight 
-~ange. ~his is in disagreement with a reported n egative genetic 
·correlation between backfat and length (Smith et al., 1962). 
However, sever a l s tudies have reported .that, within a narrow weight . 
-range, the inverse rel a tionship of length and backfat is more obvious. 
·Topel et al. (1965) studied hogs within a 93.5 t o 95.5 kg live weight 
range and found a correlation of - . 66 (P<.Ol ) be tween these two traits. 
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H~nry et al. (1963) reported a correlation (r = -.47, P<.01) between 
~ength and backfat with all pigs slaughtered at a constant final weight 
~f 90. 7.kilograms. Lidvall et al. (1972) reported a negative correla-
tion as well, although it was not of the magnitude of the previou~ly 
mentioned relationships. They . did note that length was positively 
·correlated with ham weight (r = .32,. P<.Ol) and loin weight (r = .25, 
P<.05). Adams et al. (1972) also noted a positive correlation with 
.weight of loin (r = .32, P<.01). Other sources also reported correla-
tions of nearly the same magnitude with indicators of carcass lean 
(Lasley et al., 1956; Tribble et al., 1956;. Cross et al., 1970; Gee, 
1970; Cross et al., 1973; Smith and Carpenter, 1973). 
Several other sources have reported carcass J ~ngth to be of little 
value (Price et al., 1957; Pearson et al., 1958; Feinstein, 1961; 
Bowman et al., 1962; Carpenter et al., 1962). 
Regression formulas combining several traits to predict carcass 
merit have been reported in the literature. Lasley et al. (1956) used 
carc.ass weight, average backfat, length, loin eye area and ham weight. 
Together, these traits accounted for 91% of the variation in lean cut 
yield. Gee (1970) combined carcass weight, loin eye area, average 
backfat and animal age at slaughter to predict the weight of edible 
~ortion in pork carcasses. Average backfat appeared to be the single 
~ost important variable in the end points he studied. Smith and 
Carpenter (1973) produced several equations for predicting percent lean 
using length, loin eye and the lOth rib fat measurement. Little· 
advantage was seen for using average backfat and lOth rib backfat 
• ~~:"" --~f:_;-.:, ... ·.··• 
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.together over the lOth rib measurement alone. Cross ~ al. (1975) 
used over 400 ma~ket hogs selected to vary in leanness and muscularity 
to p r oduce predictor equations for percentage lean in the four lean cuts • 
. An equation using carcass length, loin eye area and fat depth at the lOth 
rib ( three measurements, one-fourth, one-half and three-fourths the 
lateral length of the longissimus) had the highest coefficient of 
determination (.89). Fahey et al. (1977) used 41 barrows which the 
"authors admitted to being in the upper 10 to 20% of the U.S. swine 
~. 1 • 
-population to formulate ·a prediction of muscle weight in the carcass. 
Variables used were carcass weight, loin eye area and lOth rib backfa~ 
· (single measurement, three-fourths distance site) which accounted for 
83% -o f the variation in the dependent variable. This formula is in 
close agreement with the percent lean and pounds of lean formulas 
currently in widespread use in swine carcass contests (Boggs and 
·Merkel, 1979). 
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MATERIALS AND METHODS 
Data for this project were collected on 120 head of crossbred 
~arrows and gilts in five different phases. Of this total, 80 head 
~ere slaughtered for carcass data. These 80 head consisted of 49 
barrows and 31 gilts. Of the remaining 40 head not slaughtered, 32 
head were gilts fed for gain and feed efficiency data and not intended 
for slaughter. F~ve head were gilts removed from test for a variety of 
reasons, one barrow died while on test and two barrows were found to 
be cryptorchids and their data were removed. 
A majority of the pigs used in this study were from the South Dakota 
State University swine herd which consists of three-way crossbred hogs 
involving the Duree, Hampshire and Yorkshire breeds. Pigs from an 
·outside source which were Chester White-sired were used in the second 
phase · and were represented equally in the large .and small framed 
treatments. The fi fth phase included two· pigs from this same source 
in the small framed treatment only. However, their performance and 
carcass characteristics were similar to South Dakota State University 
pigs in the same treatment and this source of variation was ignored. 
It should be pointed out that the South Dakota State University 
pigs used in this trial do not represent extremes in the swine popula-
~ion found in this country at the present. Boars entering the 
South Dakota State University swine herd have been selected for 
·~conomically important traits and large framed type based on a 
combination of visual appraisal and test station records for many 
years. 
33 
~ile the large framed pigs used in this study do not represent 
the elite, they do come close to the type of market pigs currently 
sought ~n the show ring. On the other hand, the small framed pigs in 
this study, selected to represent pigs which would fatten at a lighter 
weight, were found to be near or slightly superior to the current 
.industry average in backfat measurements. 
In allotting pigs to experimental phases, groups of hogs of the 
desired size and weight were sorted for frame size based solely on 
visual appraisal. Pigs ·selected were at the extremes of the normal 
distributiJn for frame size and type within the population of pigs used 
and represented approximately the upper and lower 15% of each group. 
Small framed pigs can be described as those pigs which were lower 
set, shorter leg~ed, shorter bodied and wide in relation to their depth 
of body through the thoracic region. Within the limits of visual 
~ppraisal, these pigs were selected to fit an early maturing pig model. 
~Large framed pigs, on the other hand, were taller~ longer legged, 
longer bodied and deep in relation to their width of body in the 
thoracic region. Again, these pigs were visually appraised as being 
late maturing with the ability to remain lean when carried to heavy 
weights. Pigs of an intermediate frame size were selected as a third 
treatment in the fifth phase. Representative examples of large and 
small framed pigs appear in appendix illustrations 1 through 8. 
A balance in muscularity between treatment groups was sought which 
eliminated some pigs from experimental use. Also, any pigs which hdd 
~bvious abnormalities such as structural problems were also eliminated. 
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~he remaining pigs which represented the frame types were weighed and 
-selected to balance initial pen average weights within replication and 
·:t:o mini171ize weight range within a pen. 
~With the exception of the first phase, the experimental pigs were 
,measured at the onset of each phase. These measurements which will be 
~lained in detail later were used to verify the visual selection and 
were also statistically analyzed for their value in predicting growth 
rate and end product merit. Additional measurements were taken at 
prescribed times in thos·e phases which started with pigs below 
-100 kilog:tams. 
The .feeding phase of the experiment was carried out in a controlled 
:environment confinement barn with frame size and sex groups fed in 
-:separate pens to obtain pen average feed efficiency data for treatment 
.and s ex groups.o In phase I, eight pigs were assigned to a pen which 
provided 5.95 m2 , two nipple waterers and two self-feeders. In the 
~ther pl1ases, four head of pigs were assigned per pen which provided 
2 2.97 m , one nipple waterer and one self-feeder. Pens were fully 
~latted with concrete slats. Some pens had 20.5 em wide slats, while 
-~ather pens had 11. 5 em slats. Care was taken to assign pens of the 
:"-same slat width .to .treatment groups within sex. 
,An -end point of approximately 136 kg pen average weight was set 
for all phases of the experiment. Phases did differ in starting 
~eight and live measurement regime. 
~Phase I included 32 head with equal numbers of barre s and gil t s 
from the South Dakota State University swine herd assigned to one 
~eplication. The initial weight was 98.8 kg and the feeding trial 
~asted a period of 6 weeks from August 3 to September 14, 1979. The 
~barrows were slaughtered on September 17 and the gilts were retained 
in the breeding herd. Live measurements were collected only once _on 
~11 32 head at the conclusion. of the trial. 
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Phase II consisted of 16 gilts from a single source outside of 
'the South Dakota .State University swine herd and were Chester White-
-sired. They were assigned to two replications of two frame size groups 
·:with four head per pen. · Replications were based on initial weight to 
provide uniformity within pens. The heavy replications had a startir.J 
~verage weight of 114.4 kg and the light replications 96.5 kilograms. 
~base II was initiated on October 16, 1979, with pigs slaughtered on 
'·'"November 20, December 4 and December 11, 1979. Initial and final live 
Eeasurements at slaughter were collected. 
·Phase III used 16 barrows and 16 gi~ts from the South Dakota State 
-University swine herd. Pigs were again assigned to two frame size 
~reatments · with two replications within each sex. Replications were 
'based on initial weight to provide pen uniformity. Average initial 
- ~eight was 108.7 kg on October 30, 1979, with one replication completing 
. --·~the test on December 4 and the other replication on December 12, 1979. 
~ rrows were slaughtered and gilts were retained for breeding. Initial 
~d final live IDeasurements were collected. 
~With some confidence gained from the previously initiated trials, 
·":'Phase ·rv st~rted with lighter weight pigs averaging 72.8 kilograms .. 
~ixteen pigs were used with equal numbers of gilts and barrows. With 
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-only one replication of two frame sizes within each sex, this phase 
'"".was initiated on November 13, 1979, and pen slaughter dates ranged from 
January. 29 to March 11, 1980. Both gilts and barrows were slaughtered. 
Initial and final measurements were taken as well as a set of inter-
mediate measurements when the pen average weight reached approximately 
104.3 .kilograms. 
The lightest group of pigs averaging 52".3 kg was placed on test 
,on January 8, 1980, as the fifth pqase of the experiment. This phase 
consisted of 12 head each of barrows and gilts with one replication 
within ea~h sex and included an intermediate frame size selected from 
pigs remaining after the large and small framed pigs were selected for 
the test. In addition to initial and final measurements, the pigs were 
also measured when the pen average reached approximately 80 and 108 
kilograms. Gilts on this test were slaughtered on May 6 and barrows 
on May 13, 1980. 
Phase I pigs were weighed biweekly and other phases weekly to 
.monitor performance. Weighbacks of feeders were obtained several times 
·throughout the trials as well as at the end to determine feed consump-
. ·tion. All pigs were fed the standard growing-finishing ration which 
':COntains 14% protein. 
·The following measurements were taken on animals at the times 
.indicated : 
1. Depth - a caliper measurement of body depth, proximal to 
the depth of heart girth and just caudal to the thoracic 
limb. 
2. Width - a caliper measurement of body width, proximal to 
xhe width of heart girth and caudal to the shoulder. 
3. Shoulder height - the height measurement to the to.p of 
·the .shoulder adjacent to and centered on the thoracic 
~imb in a normal stance with the head in an intermediate 
:position. 
-4. Body length - a flexible tape measurement from a point on 
.the midline, dorsal to the caudal edge of the thoracic 
limb, to the cranial edge of the tail root. 
5. Heart girth - a flexible tape measurement of the circum-
ference of the chest just caudal to the thoracic limb. 
6. Backfat probes - three probes using a metal ruler to 
~easure backfat 2.5 to 3.8 em lateral of the median at 
sites which approximate the traditional carcass backfat 
measurements of the first rib, last rib and last lumber 
vertebra. 
Pictures of the five body measurements appear in appendix 
illustrations 9 through 13 . 
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. Experimental pigs coming off test were weighed without shrink and 
-·"Were transported to the South Dakota State University abattoir where 
-they were hung up, stunned and bled. After bleeding, they were scalded 
~in 62 C water and the hair and toenails were removed. The hind legs 
-~ere removed below the hock and the front legs removed at the knee. 
i.'he head was removed with the jowls at the atlas joint ne ar the base 
of the skull. 
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ihe carcass was opened down the ventral midline to the xiphoid 
~artilage at the caudal tip of the sternum and the viscera and pluck 
removed, leaving the kidneys and leaf fat intact. At this point, the 
~ carcass was weighed to determine hot carcass weight. The thoracic 
cavity was then filled to a maximum with water and the carcass weighed 
full to determine water volume by weight of this cavity. 
The carcass ·was then completely split and leaf fat and kidneys 
removed. The carcass was chilled for at least 24 hours before carcass 
·measurements were collected. 
The following carcass measurements were collected on both the 
right and left sides and averaged: 
1. Backfat measurements on the midline opposite to the first 
rib, last rib and last lumbar vertebra. These were 
.averaged to give a traditional average backfat measurement. 
2. Another backfat measurement was taken on the midline 
·opposite the fifth rib, and the thickness of the belly fat 
was also recorded opposite the fifth rib. These measure-
_ments were taken to record fat's influence on live body 
-~epth measurement and to determine fat-free depth of 
.body. 
3. Carcass length was measured in the traditional manner from 
the anterior edge of the first rib .adjacent to the spine 
to the anterior edge of the aitch bone. 
4. Depth of rib in the carcass was taken in two ways: First, 
from the ventral edge of the fifth thoricic vertebra to the 
-dorsal edge of the sternum perpendicular to the axis of 
the vertebral column. Second, from the same point on the 
~!fth thoracic vertebra, following the angle of the fifth 
-r.ib .to the dorsal edge of the sternum, which was near the 
-caudal tip of the sternum on most carcasses. 
5 . Rib arch - measured on the fifth rib with a straight edge 
placed against the cut surface of the spinal column and 
·sternum and a measurement taken perpendicular from the 
straight edge to the fifth rib at the point of maximum 
~ _·ch. 
6. Rib cage length - from the junction of the last rib and 
its vertebra to the same point in relation to the first 
rib. The number of rib bones was also recorded. 
7. Rib cage volume was calculated by the following formula: 
Rib cage length x angular rib cage depth at the fifth 
rib x (2 x rib arch). This measurement was expressed in 
cubic centimeters to give a theoretical thoracic volume. 
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The left side of each carcass was used for the collection of the 
:remaining data and was first broken into wholesale cuts. The wholesale 
.1oin Yas cut between the lOth and 11th ribs to expose the longissimus 
~for mea surement. The longissimus muscle was traced and measured with 
a polar planimeter and a grid for area. The maximum width and depth 
·of t hese muscles were also recorded. Tenth rib backfat was recorded 
~over a point three-fourths the long axis of the longissimus, lateral 
from the chine and perpendicular to the skin. 
'The loin and ham were then closely trimmed and the bone removed 
~or .boneless retail cut production. The lean (which included lean 
~trim)~ fat and bone were weighed separately and r ecorde d along with 
.:total weight of the wholesale cuts for percent lean de termination ·in 
xhese two wholesale cuts. 
Percent lean and kg of lean were also calculated using the 
formulas curr ently in widespread use in the swine i ndus try. These 
.formulas are: 
Percent of lean= 2'. 00 + (.45 x hot carcass weight (lb) + 
~5.00 x loin eye area [in2J) - (11.00 x 10 r i b backfa t 
".Single measurem:ent [in]) 
Percen·t lean = pounds of lean x 100 hot carcass weight 
~hese measuremen ts were calculated in the English system as indicat ed 
·'With pounds converted to kilograms after final determination. 
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~Data were statistically analyzed for treatment differences within 
-phase to par tition variation in replication and sex i n the phases where 
~bese were present . Simple correlations and prediction formulas were 
~also ·calculated. 
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RESULTS AND DISCUSSION 
Frame size was the major variable in this experiment. Therefore, 
the · effect of frame size on certain performance and carcass traits along 
with live measurements will be discussed first followed by correlations 
and prediction formulas. 
Since average daily feed and feed/gain data could only be collected 
on each pen, all 0bservations of these traits were pooled for analysis 
of variance. This was done ·to· take complete advantage of the degrees 
of freedom for error and the data were analyzed for sex and treatment 
effects as well as an interaction. These data include information 
collected from 100 kg to the end of phases IV and V and from the entire 
trial in phase.s I, II and III which approximate the same stage of 
growth. Analyses of variance for these traits appear in appendix 
table 1. 
No significant differences be tween treatment (P=.15) were found 
in feed/gain for this period, although the large framed pigs were the 
most efficient and the small framed pigs the least efficient in feed 
conversion. Average daily feed consumed did not follow a trend in 
relation to frame size as large framed pigs consumed the I.lOS t , while 
-intermediate framed pigs had the lowest daily consumption. No sex 
effect was seen, although gilts were more efficient and consumed more 
feed t~an barrows (table 1). 
Average daily gain and all other traits were analyzed _ within each 
phase and will be reported in this manner. Analyses of variance for 
these trai~s appear in appendix tables 2 through 39. Means f or traits 
TABLE 1. FEED/GAIN AND AVERAGE DAILY FEED MEANS (100 KG TO 
END OF EACH EXPERIMENTAL PHASE) 
Treatment frame size Sex 
42 
-Variable Large Intermediate Small Barrows Gilts 
.:Feed/gain 4.51 4. 70 5.13 4.98 4.58 
Avg daily feed {kg) 2.93 2.70 2.83 2.79 2.85 
where significant interactions v1ere indicated are presented in 
.appendix tables 40 through 56. 
Phase I 
-Initial and final weights for this phase were 98.83 and 129.10 kg, 
respectively. No significant differences in average daily gain between 
·it:reatments were seen, although bar rotvs gai ned faster (P<. 05) than 
gilts (table 2). 
:As in all phases, pigs for this trial were selected by visual 
··.appraisal. Live linear n;teasurements were not collected at the initiation 
of this phase but were collected at the conclusion of the phase and 
mea1s were adjusted for differences in final live ~eight through a 
least squares procedure. This procedure indicated no value to adjusting 
"-live depth to width ratios for weight differences and, th .refore, this 
-xatio was analyzed without adjustment. 
~epth of body did not differ significantly between treatments, 
<although the large framed pigs were slightly deeper. Gilts were 
--,·deeper (P<. 05) t:han barrows (42.40 em ~ 40.97 em)· 
As presented in table 3, small framed pigs were wider (P<.01) 
· and, therefore, had a lower (P<.01) ratio of body depth to width 
·'TABLE 2. INITIAL AND FINAL WEIGHTS AND AVERAGE DAILY GAIN 
Variable 
-..Initial wt (kg) 
.i'i~al wt (kg) 
-~vg daily gain, entire 
t:est (kg) 
·~'* . .P<. 05. 
~MEANs (PHASE I) 
Treatment 
Large Small 
framed framed 
~.8. 75 98.92 
J.28.18 130.02 
.70 .. 74 
Sex 
Barrows Gilts 
100.02 97.64 
133. o2~'t 125.17 
.79* .66 
··''TABLE 3. LEAST SQUARES MEANS FOR FINAL LIVE LINEAR MEASUREMENTS 
ADJUSTED FOR FINAL LI VE WEIGHT (PHASE I) 
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---======~============================================== 
Variable 
·.Depth of body (em) 
·Width of body (em) 
::'Shoulder height (em) 
Length of body (em) 
-~eart -girth 
.:~epth:widtha 
-"'* P<. OS. 
'«* P<. 01. 
(em) 
Treatmen t 
Large Small 
framed framed 
41.98 41.39 
30.38** 33.21 
71.25** 68.34 . 
87 .31** 83.04 
.119.54* .121. 92 
.1.-39** 1.25 
aBot adjusted for differences in live weight. 
Sex 
Barrows Gilts 
40.97 42.40* 
32.23 31.36 
69.70 69.89 
85.39 84.97 
120 . 52 120.82 
1.27 1.37** 
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.(depth:width). On the other hand, the large framed pigs 'were taller at 
the shoulder (P<.Ol) and longer bodied (P<.Ol) than their small framed 
~ounterparts. The small framed pigs did have a larger (P<.OS) heart 
·girth measurement. 
Small framed pigs had slightly heavier carcasses, reflecting their 
heavier final weights and fatness, although they were not significantly 
different from the large framed pigs in this trait. To account for 
~.differences in weight both within and across treatments, adjustments 
£or carcass weight were .made in those traits which are indicated in 
table 4. 
Large framed pigs had larger rib cages as indicated by significant 
differences in many of the rib cage measurements collected. This 
treatment group had significantly more depth of fjfth rib in the measure-
ment that followed the angle of the fifth rib bone (21.02 vs 19.61 ·em, 
P<.Ol). The measurement of this same trait taken perpendicular to the 
long axis of · the vertebral column also favored the large framed pigs 
but was not significant. Rib cage length (P<.Ol) and number of ribs 
(P<.OS) favored the large framed pigs as did a calculated volume of 
rib cage expressed in cubic centimeters (P<.Ol). The large framed 
~igs' rib cages held more water (5.33 vs 4.99 kg) prior to splitting 
.c·t:heir carcasses , but this difference was not significant. 
An indication of a difference in rib cage shape was seen with a 
-significant difference (P<.Ol) noted in the depth-arch ratio 
.<depth:arch) which showed large framed barrows to be deep in relation 
"TABLE 4. LEAST SQUARES MEANS FOR CARCASS MEASUREMENTS 
ADJUSTED FOR CARCASS WEIGHT (PHASE I) 
Treatment 
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Sex 
Large Small 
·variable framed framed 
Gilts 
Barrows (probe) 
-Carcass weight (kg) 
Kg of water held 
Perpendicular fifth rib 
-depth (em) 
Angular fifth rib depth (em) 
Rib cage arch (em) 
·Rib cage length (~m1 
~ib cage volume (em ) 
Numbe r of rib pairs 
Depth : arch 
Carcass length (em) 
. Avg hackfat (cm) 3 
lOth rib backfat (em) 
Fa~-free depth (c~) 
Loin eye area (em ) 
-~oin eye depth ~em) 
.Loin eye width (em) 
::Ham weight (kg) 
Ham fat trim (kg) 
Ham lean weight (kg) 
·Ham bone \veight (kg) 
Loin weight (kg) 
Loin fat trim (kg) 
Loin lean weight (kg) 
_Loin bone weight (kg) b 
Percent lean (formula) 
·Kg l ean {formula) 
-~ercent lean in ham 
;.Percent lean in loin 
:Percent lean in ham and loin 
··.Kg lean in ham and loin 
98.04 
5.33 
19 .. 34 
2L.02** 
7.23 
50.85** 
15496.06** 
16.00* 
2..92** 
87 .. 93** 
3.06 :.* 
3.12** 
36.13** 
35.13** 
. 4. 55* 
9. 35*1' 
11.19** 
2 .. 38** 
7.15** 
1.70 
12.20 
3. 62** 
6.07** 
2.50** 
52.41** 
51 .. 85** 
-64. 03""* 
49.91** 
56.65** 
13.23~~* 
101.50 
4.99 
18.51 
19.61 
7.41 
.46. 31 
13442.18 
15.50 
2.64 
84.1'• 
3.79 
4.92 
34.27 
28.61 
4.25 
8.18 
10.67 
3.17 
5.92 
1.63 
12 .. 19 
4.86 
5.28 
2.03 
46.02 
46.09 
55.52 
43.61 
49.13 
11.20 
3.85 3.00** 
..,."* P< ... 05. 
·** P< .. 01. ,a "Gilts were not slaughtered, but probe data wer~ collected at the 
~nd of the trial and analyzed as average backfat with actual dat a 
-~ollected from barrow carcasses. All measurements were adjusted for 
~if~erence in live weight rather than carcass weight. 
No t adjusted for differences in carca~s ~eight. 
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to their rib arch. Small framed pigs would appear rounder in a cross-
sectioned view of their rib cage. 
Av~rage backfat data includes actual data collected on barrows as 
:well as final probe data on gilts. Large framed pigs were leaner . 
(P<.Ol) than small framed pigs, and gilts, as expected, were leaner 
(P<.Ol) than barrows. 
Frame size significantly influenced most of the carcass parameters 
studied in favor of the large framed barrows. Large framed barrows 
were leaner at the lOth ·rib and had longer carcasses, larger loin eye 
areas, les~ fat trim on the ham and loin, more kg of lean from .the ham 
~nd loin and higher percent leans in the ham, loin and entire carcass 
(calculated by regression formula) [P<.Ol for all the above traits]. 
Large framed barrows had more loin eye depth (P<.OS) and width 
(P<.Ol), reflect ing their larger loin eye areas. 
Large framed pigs had an unexplained advantage in total ham weight 
despit e the fact that they had lighter carcasses. Large framed barrows 
also ·had more kg of bone in the loin (P<.Ol) and also had a slightly 
but not significantly higher bone weight in the ham. 
Although depth was not significantly different between frame size 
~roups in the live animals, large framed barrows had more· fat-free 
depth of body (P<.Ol) as measured in the carcass. 
Phase II 
Initial weight of this all-gilt phase with two replications was 
105.44 kilograms. The average final weight of those gilts slaughtered 
was 133.92 kg for both frame sizes. Three small framed gilts we~e not 
slaught~red because of slow growth rates which would have greatly 
postponed their slaughter at the desired end weight. Final live 
measurements were not collected on these three individuals and their 
gain and feed efficiency data were terminated on the same date that 
their large framed counterparts were slaughtered. Average daily gain 
was higher (P<.01) for the large framed gilts (table 5). 
TABLE 5. INITIAL AND FINAL WEIGHTS AND AVERAGE 
Variable 
ln~tial weight (kg) 
Final weight (kg) 
Avg daily gain (kg) 
* P<.OS. 
** P<. 01. 
DAILY GAIN MEANS (PHASE II) 
Large 
framed 
105.30 
136.37 
.72** 
Treatment 
Small 
framed 
105.58 
123.33*a 
.43 
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a This mean contains data of three gilts which were not slaughtered 
because of inferior growth performance which affected the time of 
slaughter. The average weight of five small framed gilts slaughtered 
was 130.01 kilograms. Three gilts were terminated from the test at an 
average weight of 107.81 kg on the same date that the large framed pigs 
of the same replication were slaughtered. . 
Initial measurements were collected along with backfat probes at 
-the beginning of the trial to detect the differences that existed 
-between gilts that were sorted visually by frame size. Analysis of 
these data indicate that the large framed gilts were deeper and l onger 
(P<.01 for both traits). Body width differences approached significance 
(P=.0516) with small framed pigs measuring wider. Large framed pigs, 
therefore, had a higher depth:width, 1. 34 ~ 1.26 (P< .• 01). Large framed 
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~igs were taller initially, but this difference was not significant. 
~ackfat probes indicated that they were leaner (P<.05) at the beginning 
-of .:the .experimental phase (table 6). 
TABLE 6. LEAST SQUARES MEANS FOR INITIAL LIVE LINEAR MEASUREMENTS 
ADJUSTED FOR INITIAL WEIGHT (PHASE II) 
Variable 
Depth (em) 
~idth (em) 
:'Shoulder height (em) 
Length (c:rn.) 
Heart girth (em) 
Avg backfat probe (em) 
-~~pth: width 
·* P<. 05. 
~** P<.Ol. 
Treatment 
Large Small 
framed framed 
38. 47** .37.09 
28.62 :29 .. 55 
68.94 67.84 
--80. 18** 75.59 
110.31 111.33 
2.29* 2.62 
1.34** ~.26 
-At -the end of the trial, all of the differences in these parameters 
sere significant at the ~OS leve l with the large framed pigs deeper, 
-.:narrower, taller and longer. Heart girth circumference measurements 
did not differ greatly between treatments at any time (table 7). 
-;Carcass data are presented in table 8. · Carcass weights were 
' $imilar between treatments. Large framed pigs held more (P<.05) kg of 
-·-..-;;water .in their rib cages, when these .data were adjusted for carcass 
~ eight, than their small framed counterparts. They also had longer 
·{P<.05) rib cages and more (P<.Ol) rib cage volume . 
..Cenerally, . carcass -measurements favored the large f r amed pigs in 
this phase, although not all parameters were significant. This may 
-have been a result of fewer degrees of freedom for error in testing for 
~ABLE 7. LEAST SQUARES MEANS FOR FINAL LIVE LINEAR MEASUREMENTS 
ADJUSTED FOR FINAL WEIGHT (PI-lASE II) 
Variable 
-Depth (em) 
Width (em) 
Shoulder height (em) 
Length (em) 
Heart girth (em) 
Depth:width 
Large 
framed 
-42.57* 
32.38* 
72.29* 
84.84* 
126.06 
1.32* 
Treatment 
Small 
framed 
41.15 
34.73 
68.88 
81.16 
128.01 
1.18 
~reatments effects. Large framed gilts had longer carcasses (P<.Ol), 
.le~s lOth rib backfat (P<.05), more kg of lean in the loin (P<.Ol), 
.a ·higher percent lean in the loin (P<. 05), a higher percent lean in 
~he ham and loin combined (P<.05) and more kg of lean in the ham and 
~oin (P<.Ol) [see appendix illustrations 14 and 15]. 
Phase III 
Initial weight for this trial was 108.72 kg with no statistical 
:difference between treatment groups, although barrows were heavier 
-{P<.05) than gilts. A significant replication effect (P<.Ol) was 
found because pigs were sorted into replications based on weight to 
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4minimize the weight range within pens. Final weights were not signifi-
;~antly different, although large framed pigs were heavier as all 
-.'barrows within replications were slaughtered on the same date and 
· ·"Weight differences reflected the faster gain (P<. 01) of the large 
'framed pigs (table 9). 
TABLE 8. LEAST SQUARES MEANS FOR CARCASS MEASUREMENTS 
ADJUSTED FOR CARCASS WEIGHT (PHASE II) 
Variable 
Carcass weight (kg)a 
Kg of water held by rib cage 
Perpendicular fifth rib 
depth (em) 
-Angular fifth rib depth (em) 
Rib cage arch (em) 
· Rib cage length (cmj 
Rib cage volume (em ) 
Number of rib pairsa 
Depth:arch of riba 
Carcass length (Em) 
Avg backfat (em) 
lOth rib backfat ( em) 
Fa:t-free dep·th (c'2) 
Loin eye area (em ) 
Loin eye depth (em) 
Loin eye width (em) 
Ham weight (kg) 
~Ham fat trim (kg) 
Ham lean (kg) 
Ham bone (kg) 
Loin weight (kg) 
Loin fat trim (kg) 
Loin lean weight (kg) 
Loin bone weight (kg) 
Percent lean (formula)a 
.Xg lean (formula) 
Percent lean in ham 
--.Percent lean in loin 
P.e.rcen t lean in ham and loin 
Kg lean in ham and loin 
Large 
framed 
103.99 
5. 90* 
20.15 
21.53 
7.39 
48. 25 ·~ 
15364.29** 
15.56 
2.92 
'86.76** 
3.73 
3.04* 
35.89 
39.71 
5. 1~2 
9.54 
11.76 
2.52 
7.62 
1.62 
12.96 
-4.00 
6.93** 
2.05 
53.68 
55.61 
--64. 77 
53 .. 81* 
59 .. 00* 
14.55** 
~ Not ~djusted for weight difference. 
Adjusted for live weight. 
~ P<.OS. 
~* P<. 01. 
Treatment 
Small 
framed 
105.18 
4.87 
19.46 
20.27 
7.31 
44.68 
13245.52 
15.12 
2.78 
82.26 
4.20 
3.83 
33.85 
39.79 
5. 35 
9.59 
11.63 
2.95 
. 7. 30 
1.38 
12.32 
4.48 
5.95 
1.85 
51.82 
53.88 
62.82 
'•8. 50 
55.46 
13.25 
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TABLE 9. I NITIAL AND FINAL WEIGHTS AND AVERAGE 
DAILY GAIN MEANS (PHASE III ) 
Treatment 
Large Small 
- Variable framed framed Ba rrows 
Initial weight (kg) 108 •. 78 108.67 111.16* 
Final weight (kg) 136.06 130.95 ·133.99 
Avg daily gai n (kg ) .71* .58 .59 
* P<. 05. 
Sex 
Gilts 
106.29 
133.02 
.70 
I nitial measurements, after pigs we~e allotted to t reatment, 
indicate that t he large framed pigs were narrower , t aller, h ad less 
ba·ckfat and a h igher depth:width (P<. 01 for all traits). Gilts were 
trimmer than barrows (P<.01) [table 10]. 
Final measurements presented in table 11 indic a te that the large 
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framed pigs were deeper, narrower and taller as well as highe r in their 
depth:wi dth (P<.Ol for all traits). Barrows were deepe r (P<.OS) and 
~arger in heart girth circumference (P<.01) than gilts . 
All live measurements, both initial and final , . were in t he desired 
direction for visual ly selected traits. However, only those mentioned 
wer~ significant. 
-Carcass weights were statistically similar with a 1.14 kg advantage 
to the large framed barrows as influenced by heavier slaughter weights 
-(table 12). Rib cage parameters generally favored the large framed 
pigs but only the perpendicular and angular depth of the f ifth rib 
approached significance , P s . 0697 and . 0560, respective ly. 
TABLE 10. LEAST SQUARES MEANS FOR INITIAL LIVE LINEAR MEASUREMENTS 
ADJUSTED FOR INITIAL WEIGHT (PHASE III) 
Treatment Sex 
Large Small 
Variable framed framed Barrn~.;rs Gilts 
Depth (em) 38.13 38. 10 38.32 37.92 
Width (em) 28 .. 64** 30 .33 29.88 29.10 
.Shoulder height (em) 72.67** 68.55 70.83 70.38 
Length (em) 81.44 79 . 61 80.13 80.93 
Heart girth (em) 112.96 114.53 114.35 113.13 . a 
1.33** 1. 26 1.28 Depth:width . 1.31 
52 
Avg backfat, pr obe (em) 2.28** 2.88 2.87 2.30** 
~** P<. 01. 
a Not adjus t ed for weight differences. 
TABLE 11. LEAST SQUARES MEANS FOR FINAL LIVE LINEAR MEASUREMENTS 
ADJUSTED FOR FINAL WEIGHT (PHASE III ) . 
Variable 
Depth (em) 
Width (em) 
Shoulder weight 
Length (em) 
Heart girth (em) 
Depth:widtha 
* P<.05. 
** P<. 01. 
(em) 
Treatment 
Large Small 
framed framed 
42.14** 41.23 
31.46** 33.40 
73. 57*'" 70.34 
87.38 86.37 
123.89 125.47 
1. 33** 1.26 
a Not adjusted for weight differences. 
Sex 
Barrows Gil ts 
42.05* 41.32 
32.84 32.02 
71.51 72.40 
86 . 06 87.69 
126 . 20** 123.15 
1.28 1.31 
~.TABLE 12. LEAST SQUARES MEANS FOR CARCASS MEASUREMENTS ADJUSTED 
-=F-OR CARCASS WEIGHT (BARROWS ONLY, PHASE III) 
Variable . 
.Carcass weight (kg) a 
Kg of water held by rib cage 
Perpendicular fifth rib 
dep th (em) 
~Angular fifth rib depth (em) 
.Rib cage arch (dn) 
Rib cage length <~m~ 
Rib cage volume (em ) 
.Number of rib pairsa 
Dep t h: arc.ha 
Carcass length (£m) 
-~Avg backfat (em) 
lOth rib backfat (em) 
~}"at-free depth (c~) 
·.Loin eye area (em ) 
Loi~ eye depth (em) 
l..oin eye width (em) 
.Ham weight (kg) 
Ham fat trim (kg) 
.Ham lean (kg) 
Ham bone (kg) 
Loin '"eight (kg) 
.Loin fat trim (kg) 
Loin l ean weight (kg) 
Loin bone (kg) 
Percent lean (formula)a 
·Kg of lean (formula) 
~ercent lean in ham 
Percent lean in loin 
· .Percent lean in ham and loin 
~g lean in ham .and loin 
~ "P<.05. 
·-::~c* P< .01. 
Treatment 
Large Small 
·framed framed 
103.03 
5.77 
20.37 
21.91 
7.04 
48.90 
15085.72 
15.56 
3.16 
87.11** 
2.89** 
3.10* 
36.63* 
34.83 
·4.80 
9 .. 29 
11.83 
3.04 
7.17 
1.62* 
12.11 
4.03 
5.85 
2.23** 
51.68 
52.99 
60.72 
48.37 
54.43 
13.02 
101.89 
5.28 
19.65 
21.02 
7.01 
47.49 
13996.65 
15.62 
3.00 
84.13 
3.52 
3.65 
34.71 
35.03 
4.68 
9.17 
11.52 
3.12 
6.91 
1.48 
12.40 
4.62 
5.88 
1.88 
50.88 
52.01 
60.01 
47.64 
53.58 
12.79 
· Sex 
Gilts 
Barrows (probe) 
3.74 2.66** 
--~ ·Not adjusted for carcass weight. 
Adjusted for live weight, contains final probe data from gilts 
-~hich were not slaughtered. 
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Average backfat data include final probes on the gilts and show 
large framed pigs to be leaner (P<.Ol) than small framed pigs and gilts 
xo be l~aner than barrows (P<.Ol). Large framed barrows were leaner at 
the lOth rib (P<.OS) and had longer carcasses (P<.Ol). 
Differences favoring large framed pigs approached significance in 
kg of lean in the ham (P = .0580) and kg of loin fat trim (P = .0781). 
Large framed pigs had more kg of bone in the ham (P<.OS) and in the loin 
iP<.Ol). The percent lean and kg lean variables favored the large 
-.rramed treatment group. · H.owever, these differences were not significant. 
Pha se IV ---- --
Lighter weight pigs were used to initiate this phase with confidence 
~ained from previous phases. Average weight at the onset was 72.78 
kilograms. Final weight was 129.82 kilograms. No significant diff-er-
,ences between treatment groups or sexes occurred in these two traits • 
. 'Both barrotvs and gilts w~re slaughtered, although two gilts, one large 
£ramed and one small framed, were not slaughtered because of feet and 
~eg problems. It was felt that this impairment ' ha~ influenced. carcass 
.leanness beyond what was typical for treatment groups. 
Large framed pigs gained significantly (P<.OS) faster from the 
·":beginning of the trial to a pen average -weight of approximately 100 
~ilograms. They also gained fa.;ter (.58 vs .48 kg per day) from 100 
kg to slaughter, but this difference · was not significant (table 13). 
initial live measurements showed that the large framed pigs were 
taller (P<.01), had less average backfat (P<.Ol) and had a higher 
depth:width '(P<.05). Both length and body width differences approached 
TABLE 13. INITIAL AND FINAL WEIGHTS AND AVERAGE 
-DAILY GAIN MEANS (PHASE IV) 
Treatment Sex 
Large Small 
Variable framed framed. Barrows 
Initial weight (kg) 73 . .32 72.24 73.43 
Final weight (kg) 130.42 129.22 ·132.46 
Ayerage daily gain (kg) 
Beginning to 100 .86* .65 .76 
kg 
100 kg to end - ~58 .48 .55 
* P<.O.). 
Gilts 
72.13 
127.18 
.74 
.51 
significance, P = .0764 and .0569, respectively. Gilts were leaner 
·than barrows (P<. 01) [table 14] . 
. As pigs neared the halfway point in weight gains, they were 
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measured again. These measurements taken at an approximate pen average 
weight of 104 kg revealed the same characteristics with large framed 
pigs, narrower (P<.Ol), taller (P<.OS), leaner (P<.05) and deeper in 
relation to their width (P<.Ol) [table 15]. 
Final measurements followed the same trend with a significant 
-difference revealed in body depth (P<.Ol). Large framed pigs , in 
-addition to being deeper, continued to be narrower (P<.OS) and taller 
·(P<.Ol). Depth:width differences were again significant (P<.Ol) 
[t:able 16]. 
Carcass differences in economically important traits favored the 
large framed treatment group, but significant difference s appeared in 
~ABLE 14. LEAST SQUARES MEANS FOR INITIAL LIVE MEASUREMENTS 
ADJUSTED FOR INITIAL WEIGHT (PHASE IV) 
Variable 
Depth (em) 
Width (em) 
Shoulder height (em) 
Length (em) 
Heart girth (em) 
Depth:widtha 
Avg backfat probe (em) 
* P<.OS. 
** P<.Ol. 
Treatment 
Large Small 
framed framed 
32.94 32.36 
24-.83 26.29 
64.97** 61.38 
70.92 67.53 
97.27 97.71 
1.33* 1.23 
1.86** 2.40 
a Not adjusted for weight difference. 
Sex 
Barrows Gilts 
32.77 32.54 
25.71 25.41 
63.36 63.01 
68.95 69.50 
98.08 ' 96.87 
1.28 1.28 ' 
2,29 1.97* 
TABLE 15. LEAST SQUARES MEANS FOR INTERMEDIATE MEASUREMENTS TAKEN 
AT AN APPROXIMATE PEN AVERAGE WEIGHT OF 104 KG ADJUSTED 
FOR WEIGHT AT TIME OF MEASUREMENT (PHASE IV) -
---
Treatment 
Large Small 
Variable framed framed 
Depth (em) 37.55 36.65 
.Width (em) 27.82** 30.43 
Shoulder height (em) 69.63* 67.07 
Length (em) 82.37 80.44 
· Heart girth (em) 111.19 112.85 
-Depth:widtha 1.34** 1.20 
Avg backfat probe (em) 1.21* 2.69 
* P<.05 . 
** P<. 01. a 
Not adjusted for live weight. 
___,_ 
Sex 
Barrows 
37.62 
29.23 
68.72 
81.31 
112.10 
1.28 
2.39 
Gilts 
36.72 
29.02 
67.97 
81.51 
111.92 
1.27 
2.52 
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TABLE 16. LEAST SQUARES MEANS FOR FINAL LIVE MEASUREMENTS 
ADJUSTED FOR FINAL WEIGHT (PHASE IV) 
·variable 
Depth (em) 
Width (em) 
Shoulder height (em) 
Length (em) 
Heart girth (em) 
Depth:widtha . 
* P<. 05. 
·** P<.01. 
Treatment 
Large Small 
framed framed 
42.43** 
29.95* 
74.60** 
89.03 
124.62 
1. l•2** 
39.45 
31.98 
67.43 
.89. 18 
125.74 
1. 24 . 
a Not adjusted for wei~ht. 
Barrows 
41.21 
31.16 
72.59** 
89.09 
122.65** 
1.33 
Sex 
Gilts 
40.67 
30.78 
69.44 
89. 12 
127.69 
1.33 
only a few traits (table 17). Oddly, gilts were fatter than barrows 
(3.56 ~~ 3.09 em), and the small framed barrows were leaner thBn 
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expected, although slightly fatter than the large framed barrows (3.41 
~ 3.13 em). In agreement with several literature sources which relate 
growth rate and fat deposition, this leanness on the part of the small 
framed barrows manifested itself in poor performance, as this treatment 
group gained .45 kg per day as compared to .65 kg per day for large 
framed barrows from 100 kg to the end of the trial. 
Heavier bone weights in the ham (P<.05) and the loin (NS) were 
seen in the large framed pigs. 
¥base V 
Three treatment groups were studied in this phase with pigs 
selected to represent an intermediate frame size group after large and 
small framed pigs had been selected. Both barrows and gilts were 
slaughtered. 
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--TABLE 17. LEAST SQUARES MEANS FOR CARCASS MEASUREMENTS 
- ~JUSTED FOR CARCASS WEIGHT (PHASE IV) 
Treatment Se:x 
Large Small 
___ ._V_a_r_i.:...ab_l _ e _____ .::::.f.:=.ra.:::.:m=-e::...:d=...:..._ __ __::::_f-=-ra=m=-e=:.:d=---~·Barrows Gilts 
Carcass weight (kg)a 
Kg water held 
~erpendicular fifth 
rib depth (em) 
- Angular fifth rib 
-dep th (em) 
.Rib cage arch (em) 
Rib cage length (em! 
Rib -cage volume (em) 
Number of rib pairsa 
Depth: archa 
Carcass · length (Em) 
Avg backfat (em) 
-lOth rib backfat (em) 
Fat-free depth (c~) 
YLoin eye area (em ) 
~Loin eye depth (em) 
-Loin eye width (em) 
Ham weight (kg) · 
Ham fat trim (kg) 
Ham lean weight (kg) 
Ham bone weight (kg) 
Loin weight (kg) 
Loin fat trim (kg) 
Loin lean weight (kg ) 
·.Loin bone weight (kg) 
Percent lean 
(formula) a 
Xg of lean (formula) 
-Percent lean in ham 
{Percent lean in loin 
:~€rcent lean in ham 
,and loin 
-~g lean in ham and 
loin 
·~ :P<, • .05. 
=** ·P<. 01.; 
101.17 
6~38 
20.07* 
22.05* 
6. 95 
49.91* 
152'93~ 06 
15.46 
3.18* 
'88.07 
3.26 
2.61 
36.84** 
37.67 
-4.83 
9~72** 
11.89 
2.67* 
7.51 
1.72* 
11.91 
3.36 
6.19 
2.35 
53.83 
54.18 
63.12 
52.05 
57 .. 58 
13.70 
~ Not adjusted for weight. 
Adjusted for live weight. 
100.57 
5.95 
18.72 
20.44 
7.42 
48.56 
14780.07 
15.50 
2.76 
86.31 
3.38 
3.08 
33.67 
36.87 
5.24 
9.02 
11.77 
3.10 
· 7.12 
1.56 
12.24 
3.70 
6.45 
2 .. 15 
52.57 
53.01 
-60.40 
52.83 
56.51 
13.57 
100.36 
6.10 
19.46 
21.36 
7.26 
49.89* 
15466.81 
15.38 
2.96 
87.82 
3.09 
2.74 
36.00* 
33.97 
4.87 
9.02 
11.74 
2.71 
· 7.36 
1.69 
12.14 
3.40 
6.47 
2.32 
52.26 
52.63 
62.57 
53.50 
57.94 
13.83 
101.38 
6.23 
19.32 
21.13 
7.12 
48.58 
14606.32 
15.58 
2.98 
86.56 
3.56 
2.93 
34.51 
40.57** 
5.19 
9.72** 
11 .. 92 
3.06 
7.27 
1.59 
12.01 
3.66 
6.16 
2.22 
54.13 
54.57 
60.95 
51.38 
56.14 
13.43 
Dne small framed barrow died while on test and his datum was 
~ncluded only up to the point at which it became atypical compared to 
his pen mates. At the time of slaughter, one barrow in. each of the 
i.nt.ermediate and large framed treatment groups was found to be 
-cryptorchid, and their entire ·data were removed. One gilt had to be 
- ~kinned on the kill floor because of hard hair and, therefore, no fat 
~easurements, total ham and loin weights or fat trim weights could be 
.collected on this individual. 
ireatment means in this phase were tested with Duncan's multiple 
~ range test (Steel and Torrie, 1960) only if the F test indicated 
~ignificant treatment differences. The author felt justified in 
--analyzing the data in this manner because treatment means and trends 
·were in close agreement with previous phases and no treatment could 
~airly be classified as a control from which orthogonal contrasts 
-:could be made. 
Initial weight for this phase was 52.37 kg and final weight 
averaged 134.92 kilograms . . Rate of growth did not differ between 
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treatment groups during any period but did consistently decrease as 
~ .igs increased their weight (table 18). Gilts gained slightly faster, 
.::llad slj_ghtly heavier end weights and were also slaughtered 1 week 
~~efore the barrows. 
-Analysis of initial measurements revealed several significant 
-differences. Large framed pigs were deeper bodied (P< .01) than t he 
$mall framed group. Differences existed between all treatment groups 
in body width (P<. Ol) and large framed pigs were 'taller (P<. 01) than 
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TABLE 18. INITIAL AND FINAL WEIGHTS AND AVERAGE 
DAILY GAIN MEANS (PHASE V) 
Treatment Sex 
Inter-
Large mediate Small 
Variable framed framed framed Barrows Gilts 
Initial weight (kg) 51.68 52.81 52.45 52.27 52.36 
Final weight · (kg) 134.03 135.44 134.93 133.97 135.63 
Average daily gain (kg) 
Start to 72.5 kg .82 .72 .82 .77 _.81 
·72.5 kg to 100 kg . ·72 .77 .68 .73 .73 
100 kg to end .55 .58 .56 .52 .61 
Start to end .67 .67 .68 .65 .70 
either of the other two treatments.. Length of body did not follow the 
expected trend, indicating the difficulty in obtaining an accurate -live 
-measurement. Carcass measurements discussed later did follow the 
·expected trend. Backfat probes indicated that the small framed pigs 
were fatter (P<.01) than those on either of the other treatments. Large 
framed pigs were deep in relation to their body width and differed (P<.01) 
from the other treatments in the depth:width trait.. Intermediate pigs 
in turn were higher in this trait (P<.05) than small framed pigs 
(table 19). 
Gilts were narrower (P<.01), longer (P<.05), leaner (P<.01) and 
-higher in the depth:width ratio (P<.Ol) than barrows (table 19). 
Intermediate measurements were collected at two diffe rent times 
during the trial. First intermediate measurements were collected at 
an approximate pen average weight of 80 kg and second intermediate 
-~BLE 19. LEAST SQUARES MEANS FOR INITIAL LIVE MEASUREMENTS 
ADJUSTED FOR LIVE WEIGHT AT TIME OF MEASUREMENT (PHASE V) 
Treatment Sex 
Inter-
Large mediate Small 
·-Variable framed fr-amed . fra1ned Barrows Gilts 
Depth (em) 
. d d 
28.38 28.74 
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:Width (em) 
29.12b 
22.10bc 
28.45b 
22.89 
28.1Gb 
23.71b 23.36 22.44** 
Shoulder height (em) c 57.27bd 54.28b 53.33d 54.95 54.97 
-Length (em) 64.82 60.77 61.92 61.23 63.78* 
Heart girth (em) 86.38b 88.23 87.87bc 87.97 87.03 
Avg backfat probe (em) 
c 
1.19b 1.25 d 1.63bd 1.50 1. 22*,~ 
:Depth:widtha 1. 32 c 1.25c 1.19 1.22 1.28** 
~ ~ot adjust.ed for live weight. 
d'e Tre~tment means with the same superscript differ at P<.Ol. 
' Treatment means with the same superscript diff-er at P<.05. 
* P<.05, sex effect. 
·-** P<.Ol, sex effect. 
-<Eeasurements were collected at a weight of 108 kilograms. These measure-
.Eents were adjusted for live weights at the time of measurement to 
account for individual variation and means are presented in tables 20 
and 21. Significant differences occurred most consistently in the body 
- mdth and backfat probe measurements and depth :width. The F test 
~ndicated treatment differences (P<.05) in shoulder height at the 108-
·kg weight, but the Duncan's test did not indicate any mean differences. 
---A £ourth set of live measurements were obtained prior to slaughter. 
-~eans for these measurements, adjusted for live weight, are presented 
~n -table 22. Large framed pigs were deeper (P<.Ol) than small framed 
'~igs. Differences in body width and shoulder height approached 
·significance (P ·= .0792 and .0514, respectively). Consistent with 
62 
TABLE 20. LEAST SQUARES MEANS FOR INTERMEDIATE LIVE MEASUREMENTS TAKEN 
.AT AN APPROXIMATE PEN AVERAGE WEIGHT OF 80 KG ADJUSTED FOR 
LIVE WEIGHT AT TIME OF MEASUREMENT (PHASE V) 
Treatment Sex 
Inter-
Large mediate Small 
Variable framed framed framed Barrows Gilts 
.Depth (em) 33.62b 33.17d 32.92bd 33.03 33.46 
Width (em) 26.03 26.85 28.15 27.15 26.90 
Shoulder height (em) 61.27b 61.10d 59.36bd 60.87 60.26 
Length (em) 75.38 73.74 69.18 71.31 74.23* 
Heart girth (em) 102.51 101.91b 104.32bc 102.95 102.90 
Avg backfat probe (em) 2.34c 2.34d 2.86bd 2.59 
Depth:widtha 1~ 29b 1.24 1.17 1.22 
~ Not adjusted for live weight. 
d,c Treatment means with the same superscript differ at P<.01. 
,e Treatment means with the same superscript differ at P<.05. 
* P<.05, sex effect. 
2.43 
1.25 
TABLE 21. LEAST SQUARES MEANS FOR INTERMEDIATE LIVE MEASUREMENTS TAKEN 
AT AN APPROXllfATE PEN AVERAGE WEIGHT OF 108 KG ADJUSTED FOR LIVE 
WEIGHT AT THE TIME OF MEASUREMENT (PHASE V) 
Treatment Sex 
Inter-
Large mediate Small 
Variable framed framed framed Barrows 
Depth (em) 38.38b 37.66d 36.79bd 37.23 
Width (em) 28.81 29.51 31.55 30.38 
Shoul der height (em) 69.46 68.77 65.39 67.12 
Length (em) 82.56 79.92 80.15 79.59 
~ Heart girth (em) 115.15be 113.52d. 114.34b 115.31 
Avg backfat probe (em) 2.30bd 2.85d 3.34b 3.02 
·Depth : width a 1.34 1 .. 28 1.17 1.22 
~ Not adjusted for live weight. 
d
, c Treatment means with the same superscript differ at P<~Ol. 
,e Treatment means with the same superscript differ at P<.05. 
Gilts 
37.99 
29.54 
68.62 
82.18 
113.36 
2.64 
1.30 
TABLE 22. LEAST SQUARES MEANS FOR FINAL LIVE MEASUREMENTS 
ADJUSTED FOR FINAL WEIGHT (PHASE V) 
Treatment Sex 
Inter-
Large mediate Small 
·variable framed framed framed Barrows 
Depth (em) 42.97b 41.44 40. 69b 42.03 
Width (em) 32.05 33.43 34.15 33.87 
Shoulder height (em) 71.13 68.69 67.38 68.15 
Length (em) 84.44 85.51 84 . 59 84.33 
Gilts 
41.38 
32.55 
69.97 
85.35 
Heart girth (em) 125.64bd 124.41d 125.42b 125.86 124.46 
Depth:widtha 1.35 1.25 1.19 1.24 
: Not adj usted for live weight. 
d
,c Treatment means with the same superscript differ at P<.Ol. 
,e Treat ment means wi th the same superscript -differ a t P<.05. 
1.28 
initial and int e rmed iate measurements, significant difference s were 
observed i n depth: Hidth. 
Carcass paramet er means are presented in table 23. Large framed 
pigs carried l ess average backfat (P<.01) than small f r amed p i gs and 
intermcd i a te _framed pigs were also leaner (P<.05) than sma l l framed 
pigs. Tenth rib fat measurements approached significance (P = .0546) 
and followed t he same trend (see app endix illustration 16). Gilts 
were leaner than barrows, P<.Ol for average backfat and P = .054 for 
lOth rib backfat. 
·small framed pigs had heavier whole loins (P< .05) than large 
·framed pigs. However , they had more fat trim (P<. 05 ) than either of 
the other two treat ment groups. Percent lean in t he loi n followed 
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the trend of highest i n the large framed group and lowes t i n the small 
framed group and approached significance (P = .0792). Gilts excelled 
TABLE 23. LEAST SQUARES MEANS FOR CARCASS MEASUREMENTS 
ADJUSTED FOR C~~CASS ~~IGHT (PHASE V) 
Treatment ·sex 
Large Intermediate Small 
Variable framed framed framed Barrows Gilts 
Carcass weight (kg)a 102.18 104.20 102.06 104.43 101.19 
Kg water held 6.26 6.06 6.36 6.09 6.36 
Perpendicular fifth 19.79 19.67 18.69 18.92 19.86* 
depth (em) 
Angular fifth rib 21.51 21.03 19.93 ~ 20.62 21.03 
Rib cage arch (em) 6.86 7.13 7.12 6.92 7.15 ... 
Rib cage length (cm1 50.17 49.79 49.39 ,_ 49.43 50.13 
Rib cage volume (em ) 14796.40 14928.78 14025.69 14122.46 15044.59 
Number of rib pairsa 15. 75 15.58 15.87 15.88 15.58 a 3.15 2.98 2.83 3.03 2.95 Depth:arch 
Carcass length (Em) 87.51 86.20 85.28 85.20 87.46* 
Avg backfat (em) 3.47c 3.85e 4.42ce 4.29 3.54** 
lOth rib baekfat (em) 3.00 d 3. L~9 4.12 3.85 3.24 
Fat-free depth (c~) 37.26e 34.97de 33.41ce 34.79 35.64 
Loin eye area (em ) 37.10 38.66 35.24 36.36 37.62 
Loin eye depth (em) 4.99 5.25 4.96 4.99 5.15 
Loin eye width (em) 9.38 9.12 8.82 8.97 9.23 
Ham weight (kg) 11.90 12.03 11.57 11.56 12.12* 
Ham fat trim (kg) 2.83 2.66 2.99 2.98 2.68 
Ham lean weight (kg) 7.36 7. 72 7.09 7.01 7.76* 
Ham bone weight (kg) 1. 71 1.66 1.57 1.58 1.71* 
Loin weight (kg) e 13.29 e 12.88f 13.90f 13.66* 13.05 
Loin fat trim (kg) 3.91 4.24e · 5.22 e 5.00 3.91** 
Loin lean weight (kg) 6.96 6.92 6.90 6.81 7.05 
Loin bone weight (kg) 2.03 2.15 1.94 1.90 2.18** 
0\ 
~ 
TABLE 23 CONTINUED 
• I 
Treatment · 
Large Intermediate Small 
Var:Labie framed framed framed 
Percent iean . 52.71 52.30 49.90 
(formula) a 
Kg of lean (formula) 54.34 53.92 51.52 
Percent lean in ·ham 62.15 64.38 61.03 
Percent lean in loin 54.62 52.46 49.37 
Percent lean in ham 58.22 58.12 54.62 f, l 
and loin 
Kg lean in ham and loin 14.32 14.64 14.00 
-
~ Not adjusted for weight. 
~djusted for live weight. 
c, f Treatment means with the same superscript differ at P<.Ol. 
e, Treatment means with the same supers~ript differ at P<.05. 
* P<.05, sex effect. 
** P<.01, sex effect. 
Sex 
Barrows 
50.87 
52.45 
60.98 
50.37 
55.20 
13.82 
Gilts 
52.40 
54~07 
64.06 
53.94 
58.78 
14.82 
0\ 
V1 
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-barrows in this same trait as expected and this also approached 
-significance (P = .0588). 
Rib cage parameters, although not significant, were in favor of 
~arge framed pigs with the exception of rib arch. Economically . 
important traits also favored . large framed pigs generally and followed 
an expected trend over the three frame sizes in most traits. 
Simple Correlations 
Simple correlations were computed to evaluate relationships of 
live measurements to carcass merit as well as average daily gain. 
-Carcass measurements were also correlate d to actual cutout data to show 
their value in relation to carcass merit. 
·In most i.nstanc~s, the co·l-'1 f~lations presented w·ere calculated 
across treatment groups and both sexes. However, where numbers me,rited 
the calculation of correlations within frame size, this was accomplished 
to compare treatments. 
Measurem~nts were not adjusted for weight difference in the simple 
correlation tables presented. Therefore, correlations with weights are 
,also presented and should be considered \vhen evaluating these data. · 
Considerable weight variation did occur in this experimen t as a pen 
average final weight was sought. Final live weights of those animals 
·:slaughtered ranged from 114.77 kg to 152.42 kilograms. Carcass weights 
xanged from 86.19 kg to 119.30 kilograms. 
L~ve measurements were grouped across phases according to weight 
for calculation of correlations . Initial measurements included only 
those measurements taken at the beginning of phase V at an approximate 
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weight of 52 - kilograms. First intermediate measurements represent 
those measurements taken at an approximate live weight of 76 kg, which 
includes the measurement s taken at the initiation of phase IV and the 
first set of intermediate measurements taken in phase V. Second· 
intermediate measurement s represent those taken on an approximate 
weight of 106 kg and includes the measurements at the initiation of 
phases II and III, the intermediate measurements in phase IV and the 
second intermediate set of measurements in phase V. Final measurements, 
of course, include the . measurements taken at the conclusion of all 
phases, I through V. 
Table 24 presents correlations of initial measurements to the same 
measurement taken at heavier weights. At this lighter weight, the 
measurements of shoulder height, average backfat probe and the 
depth:width ratio were the most consistent in their association with 
subsequent measurements. Table 25 presents similar data on the 
relation of first intermediate measurements to the same measurem~nts 
taken at heavier weights and table 26 compares second intermediate 
~easurements to final measurements. From these correlations, it 
becomes obvious that the heart girth measurement is the most variable, 
' While backfat probes, shoulder height and the ratio of body depth and 
-width measurements are highly associated with subsequent measurements. 
Correlat ions of initial live measurements and selected carcass 
traits and gain data are presented in table 27. These data represent 
phase V only. Body depth, shoulder height and the heart girth measure-
ment are highly related to initial weight. Correlations failed to 
TABLE 24. SIMPLE CORRELATIONS OF INITIAL LIVE MEASUREMENTS 
·WITH THE SAME SUBSEQUENT LIVE MEASUREMENTS FOR ALL 
FRAME SIZES AND BOTH SEXES 
First Second 
intermediate intermediate Final 
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Initial 
·measurement measurement measurement measurement 
. Depth 
Width 
(52 kg) 
Shoulder height 
Length 
Heart girth 
Depth: width 
Avg backfat probe 
No. of observations 
* P<.OS. 
** P<. 01. 
(76 kg) 
.66** 
.69** 
.62** 
.54** 
.42 
.. 87** 
.. 68** 
22 
(106 kg) (136 kg) 
• 74--;'c* • 39 
.56** .40 
.79** .77** 
.75** .44* 
.18 -.16 
.82** .78** 
• 74*~'c .78** 
22 21 
TABLE 25. SIMPLE CORRELATIONS OF FIRST INTE~1EDIATE LIVE 
MEASUREMENTS AND THE SAME SUBSEQUENT LIVE MEASUREMENTS 
FOR ALL FRAME SIZES AND BOTH SEXES 
:================= ··=-===================================== First Second Final 
intermediate intermediate measure-
-measurement measurement ment 
( 7 6 kg2.!,) ____ __,_~--___:.(_1 0_6 _ _ k:.Jg~)_· ___ __::(:..:.:.1-=-3-=-6 ~k~g~) 
Depth 
Width 
Shoulder height 
Length 
.oHeart girth 
Depth:width 
Avg backfat probe 
No. of observations 
. ** P<. 01. 
.78** 
.64** 
.62** 
.63** 
.44** 
.81** 
.71** 
38. 
.63** 
.61** 
• 70')'c* 
.21 
.19 
.. 79** 
-69•'-* 
34 
~ABLE 26. SIMPLE CORRELATIONS OF SECOND 
INTERMEDIATE LIVE MEASUREMENTS AND THE 
·SAME FINAL LIVE MEASUREMENTS FOR ALL 
FRAME SIZES AND BOTH SEXES 
Second 
intermediate Final 
:measurement · omeasurement 
____ <Io~--------·------<~I~3~6_k~s~) ____ __ 
Depth 
''Width 
Shoulder height 
-·Lengt11 
-Heart girth 
.Depth: v7idtl;l 
. Avg backfat probe 
No. of observations 
** P<.Ol • 
~62** 
.59** 
.. 72** 
.. -63~~* 
.38** 
.74** 
.72** 
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. -:--idei1tify .a live mea surement at this light we i ght which was correlated 
with gain beyond traditional marke t we ight (100 kg). 
·-Initial backfat probe was highly associated with final backfat 
-- ueasurernent s (r - . 78 and • 72). Width wa s posi t ively correlated with 
~hese traits (r = 455 and .48) and the depth:width was negatively 
-correlated with both measures of fat (r =-.54 and -.51). Depth, 
'Shoulder -height and length were negatively correlated with final 
.:average backfat and lOth rib backfat with a range of correlation 
=·)coefficients from -. 36 to - .. 42. 
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Shoulder height had the strongest correlation with carcass length 
=and no measurement was associated with loin eye area. Average backfat 
-- -probe, because of its relationship to final fat measurement, had the 
higbest negative correlations with determination of percent lean. 
TABLE 27. SIMPLE CORRELATIONS BETW~EN INITIAL LIVE MEASUREMENTS. AND SELECTED CARCASS 
AND PERFOfu~CE TRAITS FOR ALL FRAME SIZES ru~D BOTH SEXES 
Avg 
Wt on daily lOth Kg lean 
measure- gain, Avg rib Car- Loin Ham Percent lean 
ment Final 100 kg back- back- cass eye For- and For- Ham and 
Traits date wt to end fat f at length area mula loin mula loin 
Depth • 64-ldc -.05 -.17 -.38 -.42 .53* -.07 .12 .19 .28 . 35 
Width .17 -.06 -.20 .55* .48* -.40 -.10 -.21 -.21 -.42 -.43 
I 
Shoulder height .55** .09 -.09 -.36 -.41 .67** .1? .28 .23 .35 .33 
Length .32 -.03 -.04 -.37 -.39 .43* -.08 .07 .14 .2 7 .33 
Heart girth .65** .03 -.25 .21 .17 .20 -.12 -.00 .07 -.21 -.11 
Depth:width .21 .03 .06 -.54,'( -.51* .55** .02 .19 .23 .40 .44* 
Avg backfat probe .20 .02 -.09 .78** .72** -.45* -.16 -.23 -.21 -.65** -.61** 
Wt on measurement -- . 30 -.06 .02 -.15 • 61 ''(* -.00 .29 .38 .04 .22 
date 
No. of observations 22 21 21 20 20 21 21 20 21 20 20 
* P<.OS. 
** P<.01. 
......, 
0 
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First intermediate measurements correlated to average daily gain 
and carcass traits are presented in table 28. These data include phases 
IV and V. Weak positive correlations exist between body measurements 
and gain past traditional market weights. Body width was positively 
correlated with final average · backfat and lOth rib backfat (r = .45 and 
.43), but backfat probe. data were superior in their association with 
these final carcass traits (r = .69 and .65). Shoulder height was 
-negatively correlated with t hese same measurements of fat. 
Depth, shoulder height, length and dep th:width were all moderately 
-c-orrelated with carcass length. No higi.t correlation with loin eye area 
emerged, but body depth was positively corre lated with kilograms of lean 
(formula) in the carcass (r = .40). 
Second intermediate measurements correlated to performance and 
carcass traits are presented in table 29. Since enough observations 
were collected for second intermediate measurements, correlations within 
f rame size were calculated and reporte d in table 30 (large framed pigs) 
·and table 31 (small framed pigs). 
Average backfat probe was superior to any other body measurement 
in accounting for variation in final carcass fat parameter s. Body width 
,was positively associated with the same traits. 
·nepth and shoulder height were more closely associated with carcass 
length within large framed pigs than within .small framed pigs. In 
addition, body depth in the large framed treatment group was more highly 
associated with kilograms of lean (formula) and in the ham and loin than 
it was within small framed pigs. 
TABLE 28. SIMPLE CORRELATIONS BETWEEN FIRST INTERMEDIATE LIVE MEASUREMENTS 
AND SELECTED CARCASS AND PERFORMANCE TRAITS FOR ALL 
FRAME SIZES fu~D BOTH SEXES 
Avg 
Wt on daily lOth Kg lean 
measure- gain, Avg rib Car- Loin Ham 
ment Final 100 kg back- back- cass eye 'For- and 
Traits date wt to end fat fat length area mula loin 
Depth . 7 5"~* .44** .17 .16 .14 • 62'~~* ~13 .40* . 38,~ 
Width . 46'/d< . 26 .10 • 45*'~< .43* -.25 -.Ql -.02 .05 
Shoulder height .00 .04 -.06 -.37* -.37* .50** .03 .23 .03 
Length .58** . 24 .09 -.19 -.20 .56** .20 .28 .40* 
Heart girth • 82,'c* .42** .14 • 411< .33 .06 .02 .17 .24 
Depth:width -.03 -.02 -.02 -.35* -.35* .57** .08 .23 .16 
Avg backfat probe . 39,~ .21 .00 . 69*''( • 65,~* ..... 28 -.38 -.27 -.13 
Wt on measurement -- .47** .09 .34* .26 .38 .15 .35 .47 
date 
No. of observations 38 37 37 34 34 35 35 34 "35 
* P<.05. 
** P<.Ol. 
Percent lean 
For- Ham and 
mula loin 
-.13 -.05 
-.38* -.27 
.27 .07 
.23 .32 
-.31 -.13 
.30 .23 
-.74** -.46** 
-.20 .03 
34 34 
"--
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t~tt 29. SIMPLE CORRELATIONS BETwEEN SECOND INTERMEDIATE tfVE MEASUREMENTS AND 
SELECTED CARCASS AND PERFORMA~CE TF~ITS FOR ALL FRAME SIZES AND BOTH SEXES 
Avg 
Wt on daily lOth Kg lean 
tnea~ure- gain, Avg rib Car- Loin Ham Percent iean 
ment Finai 100 kg back- back- cass eye For- and For- Ham and 
'l'ralts date wt to end fat fat length area mula loin mula loin 
Depth • 711c* .53** .20 .07 .00 • 46*1< .14 • 45''t* . 41*,~ -.01 .05 
Width .54** .32** -.14 .53** • 52~'<* -.14 -;.01 .07 .08 -.45** -.34** 
Shoulder height • 431d( .39** .30** -. 281~ -.14 • 52,'t* • 07_ .-32 .17 .06 .01 
Length i 38~'(* • 261< .02 -.21 -.31* .57** .01 .21 • 28''c .18 .22 
Heart girth .86** • 59*1( .04 .32** .27* .27* .11 .44** .36** -.27* -.19 
Depth:width -.02 .07 • 26** -. 42 ,'(* -. 44~'<* .42** .10 .22 .20 .38** .33** 
Avg backfat probe • 381<* .22* -.16 .72** • 65''t* -. 32~'d< -.15 -.13 -.17 -.62** -.53** 
Wt at time of -- • 6 7,'(* .11 .28* .23 • 37-lc* • 22 .52** .44 . -.18 -.13 
measurement 
No. of observation~ 86 85 85 79 63 64 64 63 64 63 63 
'~< P<. 05 
** P<. 01. 
'-J 
w 
TABLE 30. SIMPLE CORRELATIONS BET~~EN SECOND INTERMEDIATE LIVE MEASUREMENTS AND 
SELECTED CARCASS AND PERFO&~CE TRAITS FOR LARGE FRAMED PIGS OF BOTH SEXES 
Avg 
Wt on daily lOth Kg lean Percent lean 
measure- gain, · Avg rib Car- Loin Ham Ham 
ment Final 100 kg back- back- cass eye For-. and For- and 
Traits date wt to end fat ·fat · · · 1~ngth ·area mula loin mula loin 
Depth .73** .52** .03 .15 .08 .60** .04 .46** • 62'~* -.17 .16 
Width .63** .28 -.25 .43** .48** .12 .02 .26 .21 -.38* -.24 
Shoulder height .54** .47** .23 -.27 . -.04 • 6.1 '~* -.13- .26 .22 -.27 -.06 
Length .33* .08 -.16 -.20 -.31 .54** -.05 .09 .28 .09 .29 
Heart girth • 85** . 49*-lc -.20 .31 • 37* .43* -.06 .38* .33 -.46** -.24 
Depth:width -.12 .08 .26 -.32* -.40* • 32 .01 .07 .24 .24 • 35 
Avg backfat probe • 39* .07 -.36* • 49"~<* .49** -.14 -.04 .13 -.10 -.39* -.42 
Wt on measurement -- .54** -.19 . . 24 .27 .53** .01 .46** .42* -.35 -.16 
date 
No. of observations 39 39 39 38 30 30 30 30 30 30 30 
* P<.05. 
** P<. Ol. 
...... 
~ 
TABLE 31. SIMPLE CORRELATIONS BETWEEN SECOND INTERMEDIATE LIVE MEASUREMENTS AND 
SELECTED CARCASS AND PERFORMANCE TRAITS FOR SMALL FRAMED PIGS OF BOTH SEXES 
Avg 
Wt on daily lOth Kg lean Percent lean 
measure- gain, . Avg rib Car- Loin Ham Ham 
ment Final 100 kg back- back- cass eye For- and For- and 
Traits date wt to end fat fat ·length area mula loin mula loin 
Depth • 7 4"~~* .54** .25 .18 .16 .27 .15 .38 .21 -.13 - .. 15 
Width .74** .63** .21 • 38''c .18 .34 • 21 . ~ • 31 .31 -.12 -.17 
Shoulder height .41** .27 .14 .03 .20 .14 .21 .24 -.01 -.04 -.24 
·-
Length • 4 7*-lc .44** .09 .02 -.05 .64** -.09 • 31 . .32 -.13 -.02 
Heart girth . 89''c* .70** • 30 .18 .12 .38 .37 .64** .45* -.00 -.07 
Depth:width -.04 -.12 .03 -.16 .01 .01 -.01 .17 -.01 -.03 -.00 
Avg backfat probe .52** .50** .22 .79** .62** .07 -.19 ·-.08 -.13 -.71** -.61** 
Wt on measurement -- .79** .37 .29 .22 .37 .45* .66** .49** .04 -.12 
date 
No. of observations 40 39 39 34 26 27 27 26 27 26 26 
* P<.OS. 
** P<.01. 
"-J 
U'l 
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The second intermediate measurements were taken near a traditional 
market weight, yet they failed to be associated to a high extent with 
gain from this point {approximately 100 kg) to the end of the trial. 
Final measurements were treated similarly to the second intermediate 
measurements and are presented in table 32 for all three frame sizes, 
in table 33 for large framed pigs and in table 34 for small framed pigs. 
Final body depth was the measurement most highly correla ted with 
average daily gain (r = .45). However, heavier pigs at this point were 
deeper (r = .58 for weight and depth) and heavier pigs also gained faster 
(r = .64 for weight and daily gain), so the real value of body depth ~s 
not apparent. Body width was highly associated with fatness, r = .64 
for average backfat and r = .68 for lOth rib backfat. 
Although heavier pigs tended to be taller and longer as well as 
fatt er, sho_ulder height and live length were nega tively associated with 
the measurements of backfat. 
Body depth was strongly related (r = .77) to kilograms of lean 
(formula) and to kilograms of lean in the ham and loin (r = .65) within 
the large framed group but only lowly positively correlated (r = . 16 and 
.11) to .the same traits in the small framed pig treatment group. This 
Tesponse was similar to that of the second intermediate measurement of 
body depth. Similarly, shoulder height was more highly correlated with 
carcass length within the large framed pigs .than it was for the small 
framed treatment group. 
Backfat's relationship with average daily gain was studied a~ross 
frame sizes as well as within large and small framed pigs. Data are 
.· ),. 
TABtE 32. SIMPLE CORRELATIONS BETWEEN FINAt LIVE MEASUREMENTS AND SELECTED 
CARCASS AND PERFO&~CE TRAITS FOR ALL FR&~E SIZES ~~ BOTH SEXES 
Avg 
daily lOth Kg lean 
Final gain, Avg rib Car- Loin Ham Percent 1ean 
live 100 kg back- back- cass eye For- and For- Ham and 
Traits wt to end fat fat length area mula loin mula loin 
Depth .58** .45** .14 .12 .53** .26* .54** .42** -.07 -.04 
Width • 53''<* .25** .64** .68** -.17 -.02 ·.10 .02 -.55** -.46** 
Shoulder height • 40~'<* . 22,'c -.19* -.23* .54** .11 :. 38,'c* .30** .17 .18 
Length • 30'~* .19* -.14 -. 23,'c .53** .12 .30** .23* . • 17 .15 
Heart girth .78** • 31** .53** .36** .22 • 32,'c* .51** .33** -.19 .23* 
Depth:width -.11 .06 -. 4 7,'c* -.52*,'( • 48,'c-lc .15 .23* .23* .43** .37** 
Final live wt -- .64** • 38*~( .28** .54** .32** .70** .55** -.18 -.13** 
No. of observations 112 112 111 79 80 80 79 80 79 79 
~c P<.05. 
** P<.Ol. 
-...J 
-...J 
TABLE 33 . SIMPLE CORRELATIONS BETWEEN FINAL LIVE MEASUREMENTS AND SELECTED 
CARCASS AND PERFOR}UiliCE TRAITS FOR LARGE FRAMED PIGS OF BOTH SEXES 
Avg 
daily lOth ·Kg lean Percent lean 
Final gain, Avg rib Car- Loin Ham Ham 
live 100 kg back- back- cass eye For- and For- and 
Traits wt to end fat fat le.g_gth area mula loin mula loin 
Depth .67** . 48~'~* • 32* .40* . 48~~* . 49,~* , • 77*1c .65** -.20 -.13 
Width .61** . 25 . 52,~* .55** .09 o 39* I ~ • 54** . 37~'c -.24 -.23 
Shoulder height .56** .34* -.07 -.02 .60** -.06 : .. 43** .42** -.22 .04 
Length . 35,~* .40** • 01 .12 .42,~* .02 .20 .12 -.17 -.15 
Heart girth • 76'~<* .34* .55** . 44~~* .22 
0
• 55** .67** • 46,-c* -.13 -.21 
Depth:width -.13 .08 -.28* -.28 .27 . 05 -.01 • 08 . .10 .13 
Final live wt -- . 611<* .46** .48** • 60,'c* . 45,'c* • 45''(* • 71 ,'(* -.31 -. 20 
No. of observations 54 54 54 · 38 38 38 38 38 38 38 
* P<.OS. 
0 ** P<. 01. 
""""' 00
TABLE 34. SIMPLE CORRELATIONS BETWEEN FINAL MEASUREMENTS AND SELECTED CARCASS 
AND PERFORMANCE TRAITS FOR SMALL FRAMED PIGS OF BOTH SEXES 
Avg 
daily lOth Kg lean Percent lean 
Final gain, .Avg rib Car- Loin Ham ham 
live 100 kg back- back- cass eye For- and For- and 
Traits wt to end fat fat length area mula loin ·mula loin 
Depth .53** .38** . 33* .44** • 34')'c -.09 .16 .11 .41* -.29 
Width .61** .50** • 581c* .64** .08 -.17 , - ~ 01 -.07 -.58** -.48** 
Shoulder height .39** -.01 .15 .07 .26 .15 . ·28 .23 .01 .01 
Length .31* -.01 -.10 -.26 .65** .09 . 30 .28 .19 .23 
Heart girth .80** .29* .53** .26 .49** .26 .51** ~37* -.12 -.15 
Depth:width -.21 -.21 -.35* -.31 .25 .10 .16 .18 .25 .27 
Final live wt -- .65** • 41 *,'c .22 .67** .21 .59** .48** -.15 -.10 
No. of observations 51 51 50 34 35 35 34 . 35 34 34 
* P<.05. 
** P<.Ol. 
""-J 
\0 
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presented in table 35. These data show that average backfat is 
positively correlated with gain up to that point. Note that the highest 
positiv~ correlation in all three gain periods occurs with average 
backfat at the end of that growth period. Also note the negative 
correlation of daily gain from 72.5 to 100 kg with initial and first 
intermediate backfat measurements (r z -.38 and -.34). Likewise, 
second intermediate backfat with gain past 100 kg was also negatively 
correlated (r z -.16). This indicates that fat at the beginning of 
these growth phases had .a negative influence on subsequent gain 
performance. 
TABLE 35. SIMPLE CORRELATIONS BETWEEN GAIN PERFORMANCE AND BACKFAT 
MEASUREMENTS FOR ALL FRAME SIZES AND BOTH SEXES 
Average backfat 
First Second 
inter- inter-
Avg daily gain Initial mediate mediate Final 
Start to 72.5 kg .01 .26 .16 -.01 
72.5 to 100 kg -.38 -.34* .04 -.00 
100 kg to end -.09 .00 -.16 .07 
* P<.05. 
Rib cage parameters and their relationship to final live measure-
ments are shown in table 36. Body depth was highly associated with the. . 
two measurements of fifth rib depth ·cr z .63 and .61). Shoulder height 
and live length were also positively related to these depth measurements. 
Table 37 presents simple correlations between these rib cage 
parameters and carcass characteristics. The two rib cage depth 
TABLE 36. SIMPLE CORRELATIONS BETWEEN FINAL LIVE . MEASUREMENTS AND RIB CAGE 
PARAMETERS FOR ALL FRAME SIZES AND BOTH SEXES 
Shoulder Heart 
Parameter Depth Width height Length girth Depth:width 
Kg water held .19 .02 .19 .23* .25* .11 
Perpendicular fifth rib depth . 63*'~~ -.15 .51** • 3Q;'c* .32** .51** 
Angular fifth rib depth .61** -.34** .52** .42-lc* .20 .67** 
Rib arch -.12 • 30''t* .08 -.b6 .13 -.35** 
Rib cage length .29** -.11 .30** .46** .13 .28* 
Rib cage depth:arch .43** -.39** .24* .27* .03 .61** 
3 Rib cage volume (em ) .41** -.05 . • 49** • 41,(* .26* .29* 
No. 9f observations 80 80 80 .so 80 80 
-
* P<.05. 
** P<.Ol. 
(X) ..... 
TABLE 37. SIMPLE CORRELATIONS BETWEEN RIB CAGE PARAMETERS AND SELECTED CARCASS 
AND PERFO~~CE TRAITS FOR ALL FRAME SIZES k~D BOTH SEXES 
Avg 
daily lOth Kg lean Percent lean 
gain, Avg rib Car- Loin Ham Ham 
Final 100 kg back- back- cass eye For- · and For- and 
Parameter wt to end fat fat length area mula loin mula loin 
Kg water held .32,~* .06 -.09 -.10 • 44,~* .17 .36** . 40,~* .11 .17 
Perpendicular fifth .46** .19 -.26* -. 29*1< .52** • 30'~<* .58** .48** .26* .32** 
rib depth 
Angular fifth rib .31** .06 -.38** -.41** .59** .30** .53** .47** .35** .38** 
depth 
Rib arch .29** .18 .11 .13 .11 .01 .11 .08 -.11 -.05 
Rib cage length .39** .17 -.20 -.27* .80** .15 .44** .47** .19 .27* 
Rib cage depth:arch -.01 -.09 -. 29,~* -. 33,~1( . 28,'t .14 .23* .22 .26* .25* 
Rib cage volume (cm3) . 54'~<* .22* -.25* -.27* .77** .26* .58** .54** .22* .32** 
Carcass weight .90** .43** . 46'~<* . 36*,'c • 4 7"~~* .38** • 75,'cka .59** -.22a -.16 
No. of observations 80 80 79 79 80 80 79 80 79 79 
* P<.05. 
** P<.01. 
a Invalid correlations since carcass weight is used to determine kilograms of lean and percent 
lean calculated by regression formulas. 
t:...r-
00 
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measurements were negatively associated with backfat and positively 
~ssociated with both weight of lean and determinations of percent lean. 
~ib cage length and calculated rib cage volume were highly correlated 
(r = .80 and .77) with carcass length. 
Carcass weight was positively associated with kilograms of lean 
in the ham and loin (r = .59) but negatively correlated to percent 
lean in these wholesale cuts, indicating that heavier carcasses were 
fatter. Carcass weight's correlation with formula determination of 
lean weight and percent lean can be ignored because it was used in 
calculating these values. 
Similar to live measurements, a single high correlation with loin 
eye area was not found. 
Residual Correlations 
As stated earlier , considerable weight differences existed at 
slaughter among pigs in this trial. To account for these weight 
differences, selected correlations of residuals were run between traits 
of interest. The goal of this procedure was to remove variation in 
measurements due to weight differences at the time of measurement. 
To accomplish this, prediction equations were calculated for a 
trait and weight and the residuals of an individual animal's datum 
~Yere then calculated from the fitted regression line. These residuals 
were then correlated with residuals of another trait of interest 
calculated in the same manner from a regression line fitting the second 
trait and same weight variable used for the first trait. This is similar 
to a procedure outlined by Steel and Terrie (1960). 
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Table 38 presents correlation coefficients of second intermediate 
-measurements and average daily gain from 100 kg to the end of the 
project. These measurements correspond closely to the initiation of 
the phase of growth beyond 100 kilograms. Both of these traits -were 
adjusted for weight on the date of measurement which ranged from 86.19 
to 126.11 kilograms. The unadjusted counterparts of these correlations 
appear in table 29. 
Body width became more negatively correlated with average daily 
gain when the residual correlation was calculated. A slight increase 
in the negative relationship of average ::,ackfat probe and subsequent 
gain is also apparent, while most other body measurements did not 
differ greatly. 
Final measurements and average daily gain (post 100 kg) are compared 
in table 39. These variables were adjusted for final weight and the 
-unadjusted correlations of the same traits appear in table 32. In 
general, the ·relationship of these measurements at the end of the 
growth period and gain to that point are reduced when residual correla-
tions are calculated. This can be explained by the fact that final live 
measurements were moderately related to final weight, which in turn was 
--correlated (r = • 64) with average daily gain from 100 kg to the end of 
·· the trial. That is, faster gaining pigs were heavier at the end of the 
trial and also had larger body measurements. The correlations presented 
in table 39, therefore, more ac.curately portray these. measurements' 
influence on the average daily gain parameter studied. 
TABLE 38. CORRELATIONS OF RESIDUALS OF SECOND 
INTERMEDIATE LIVE MEASUREMENTS WITH 
RESIDUALS OF AVERAGE DAILY GAIN 
(100 KG TO END) ADJUSTED FOR 
WEIGHT ON MEASURING DAY 
TABLE 39. CORRELATIONS OF RESIDUALS OF FINAL 
LIVE MEASUREMENTS WITH RESIDUALS OF AVERAGE 
DAILY GAIN (100 KG TO END) ADJUSTED 
Measurement 
Depth 
·Width 
Shoulder height 
Length 
Heart girth 
Backfat probe 
* P<.OS. 
FOR FINAL WEIGHT 
r 
.20* 
-.05 
.01 
.02 
-.20* 
-.18 
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Rib cage parameter correlations with the same gain data are 
presented in table 40. In this case, traits were adjusted by residual 
calculations from carcass weight rather than live weight. Only weak 
correlations were found between these traits and growth rate, s'imilar 
to those presented in table . 37. 
TABLE 40. CORRELATIONS OF RESIDUALS OF CARCASS 
RIB CAGE PARAMETERS WITH RESIDUALS OF AVERAGE 
DAILY GAIN ADJUSTED FOR CARCASS WEIGHT 
Parameter 
Kilograms water held 
Perpendicular fifth rib depth 
Angular fifth rib depth 
Rib arch 
Rib cage length 
Prediction Equations 
r 
-.06 
-.01 
-.10 
.11 
.03 
Of primary interest in this experiment was the use of live measure-
ments to predict average daily gain beyond traditional market weights. 
However, the use of live measurements, including backfat probes and 
weights at time of measurement, failed to produce a regr ession formula 
which would account for a very large portion of the variability in 
~aily gain past 100 kilograms. Initial measurements (52 kg) failed to 
account for more than 35% of the variation, ·first intermediate (76 kg) 
and second intermediate (106 kg) measurements 16% of the variation and 
·final measurements (136 kg) did not yield a coefficient of determination 
greater than .38. 
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Rib cage parameters were also not useful in predicting more than 
16% of the variation in gain from 100 kg to slaughter. 
Average daily gain from 72.5 to 100 kg could not be predicted with 
any reliability (R
2 
>.50) from the first intermediate and second inter-
mediate measurements which approximate the beginning and end of this 
growth phase. 
Correlations indicated no strong relationship between live measure-
ments and loin eye area; and; therefore, it is not surprising that final 
live measurements did. not account for more than 27% of the variation in 
loin eye. The final measurements which included average backfat were 
of . limited use in predicting pe~cent '!ean (no R2 >.49) or kilograms of 
2 lean in the ham and loin (noR >.44). Backfat alone accounted for 
44.66% of the variation in percent lean in the ham and loin, and final 
backfat and live weight together accounted for 40.93% of the variation 
in kilograms of lean in the ham and loin. Ba ckfat was included with 
live measurements and weight because backfat probes couid be obtained 
along with other measurements. This project did not compare final 
backfat probes with actual carcass data on any animals. Research 
reported in this area as early as 1952 by Hazel and Kline indicate the 
value of this practice and its high correlation with actual carcass 
~easurements. 
Prediction equations were more successful in predicting such traits 
as final average backfat, lOth rib backfat and carcass length from those 
· measurements taken at light weights. In comparing initial, first inter-
mediate and second intermediate measurements for ·predicting these three 
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traits, the most valuable formulas were derived from the initial set of 
measurements (52 kg) which included initial backfat probe. The initial 
measurements contain only observations from phase V. 
Table 41 presents regression equations for prediction of final 
average backfat from initial measurements. The initial backfat probe 
was the single most important measurement. However, the addition of 
other measurements did increase the prediction value. Equation 6 used 
length, width, weight, de~~h and depth: width in addition to the initial 
backfat probe. This increased the prediction value to 81.35% from 60.14% 
whe11 backfat probe was used as a single variable. 
A similar situation is presented in table 42. In predicting final 
lOth rib backfat; the initial average ·probe alone accounted for over 
51% of the variation in the dependent variable. The coefficient of 
determination is raised considerably (to .77) by adding live measurements 
such as width, length, depth and depth:width. 
Predicting carcass length by regression equations using initial 
measurements is presented in table 43. Shoulder height was the most 
important independent variable, although backfat probe appears to have a 
strong negative influence on carcass length. 
Indications of Carcass Merit 
Correlations ~f carcass traits are presented in table 4~. 
Carcass weight was positively associated with weight of untrimmed 
wholesale cuts, r = e78 for ham weight and r = .83 for loin weight. 
Carcass weight was also positively associated, to a lesser extent, with 
measure of backfat and weight of fat trim from the ham and loin; and, 
TABLE 41. PARTIAL REGRESSION COEFFICIENTS FOR EACH TRAIT USED IN PREDICTING 
FINAL AVERAGE BACKFAT FROM INITIAL }illASUREMENTS · 
Equations 
Trait 1 2 3 4 5 6 7 
Intercept 1.33 4.35 12.99 13.30 17.03 -40.79 -40.28 
Initial backfat probe 1.88 1.77 2.63 2.64 2.57 2.10 2.06 
Initial length -.05 -.08 -.08 -.07 -.11 -.10 
Initial width -.35 -.37 -. 41- 2.16 -2.18 
Initial weight .01 .04 .07 .08 
Initial depth -.15 -2.13 -2.14 
Initial depth:width 44.99 45.74 
Initial shoulder height -.04 
Initial heart girth 
Coefficient of 60.14 64.45 70.88 71.18 72.73 81.35 82.36 
d2termination, 
· R (x 100) 
8 
39.00 
2.09 
-.09 
2.06 
.07 
-2.14 
44.56 
-.04 
.03 
82.60 
00 
\0 
TABLE 42. PARTIAL REGRESSION COEFFICIENTS FOR EACH TRAIT USED IN PREDICTING 
FINAL lOTH RIB BACKFAT FROM INITIAL MEASUREMENTS 
Eguation 
Trait 1 2 3 4 5 6 7 
Intercept .35 3.74 19.25 20.93 -59.92 -55.12 -53.97 
Initial backfat probe 2. 35 2.49 3.59 3.54 2. 91 . 3.00 3.00 
j.· 
Initial weight -.07 
Initial width -.57 -.58 2.99 2.51 2 . 47 
Initial length -.12 -.09 -.14 -.12 -.11 
Initial shoulder height -.06 -.03 
Initial hea~t girth .16 .15 
Initial depth -2.69 -2.86 -2.80 
Initial depth:width 61.04 58.14 57.46 
Coefficient of 51.44 58.58 66.64 67.98 77.05 81.07 81.38 
dzterrnination, 
R (x 100) 
8 
-54.27 
2.99 
.00 
2.49 
-.11 
-.03 
.15 
-2.82 
57.90 
81.39 
\0 
0 
TABLE 43. PARTIAL REGRESSION COEFFICIENTS FOR EACH TRAIT USED IN PREDICTING 
CARCASS LENGTH FROM INITIAL MEASUREMENTS 
Equation 
Trait 1 2 3 4 5 6 7 
Intercept 50 . 13 68.58 60.10 74.92 -42.80 -39 .·66 -33.38 
Initial shoulder height .66 .23 .31 .23 .27 
Initial avg backfat -4.82 -4.10 -5.22 -5.60 -5.48 -5.18 
probe 
Initial weight .46 .37 .51 .71 .62 .58 
Initial depth -.88 -5.84 -5.45 -5.60 
Initial depth:width 109.59 98.97 93.59 
Initial width 5.65 5.25 4.46 
Initial heart girth .25 
Initial length 
Coefficient of 45.27 68.01 71.00 75.89 78.33 80.77 82.28 
dztermination, 
R (x 100) 
8 
-37.72 
.27 
-5.14 
.59 
-5.75 
98.00 
4.69 
.24 
-.03 
82.34 
\0 ...... 
tA~Lt 44. Stkt'Lt~ CORRELATIONS SETWEEN SELECTED CARCA~S tRAITS FOR ALL FIWm ~f.ZES Mm MTH SE)tES 
2 3 4 s 6 t 8 9 10 11 · 12 13 14 15 16 i7 18 19 
Carc:asa wt - .46 .36 .47 • 33 .78 .53 .49 .08 .83 • 51 .61 .lt .754 .59 -.2la -.17 -.06 -.16 
2 Avg backfnt .87 -.29 -.10 .02 .51 -.27 -.26 .63 .87 .07 -.38 -.06 -.11 -.69 -.66 -.so -.66 
3 lOth rlh backfat -.30 -.30 ,\l .59 -.43 -.21 .54 .87 .... 1() -.35 -.278 -.27 -.88a -.78 -.63 -.79 
4 Carcass len::;th .19 .52 -.08 .51 .43 . 32 -.11 .53 .58 . 57 . • .35 .21 .32 .27 .31 
5 Lol!t E'Yt! atea .56 -.12 .71 .... os .35 -.03 .64 .12 .804 .72 .684 .44 .57 .51 
6 Ham loOI:!ight ,jQ ,83 .25 ,55 .16 .70 .2.3 . ,85 .82 .23 .26 .27 .28 
7 Hac: fat \olelght -.23 -.26 .46 .67 .... 02 .... 22 ' .10 -.13 -.56 -.59 -.75 -.71 
& H..1m le2.n weight .19 .33 ~.19 .74 ,33 ,83 .93 .so .59 .76 .70 
9 Ham bone •eight ... us .... 22 .13 .27 .11 .17 .06 .23 .03 .16 
10 Loh1 veisht .so .69 .08 ,51! .55 • 31 -.28 -.08 -.26 
!! loln fat weight .17 .... 25 .otJ •.00 -.69 -.74 -.51 -. 72 
12 Loin lean weight . .15 .78 .94 .31 .49 .46 .47 
13 Loin bone w~ight .29 .25 .28 .09 • 31 .19 
14 Kg lean. forcula .86 .48 .38 .45 .42 
15 Kg lean in ham .47 .sa .65 .63 
and loin 
16 Perc£'nt lean. .78 .75 .S4 
{t'lrmula . 
17 Percent lean ln .71 .95 
lo in 
18 Percent lean in .89 
ham 
h Pucent lean in 
ham and loin 
For r >.28, r<.Ol, 
For r >,22, P<.05. 
a Invalid c0rrelations1 the variables of ea~eass weight• loin eye nrea and lOth rib backfnt yere used in calculating kilogram~ of lean and percent 
lean by rcgre$s1o~ formula. 
\0 
N 
therefore, carcass weight was negatively correlated with the percent 
) 
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lean determinations. This is in close agreement with work reported by 
. smith apd Carpenter (1973) and Cross et al. (1975). 
Average backfat and the single lOth rib fat measurements were 
highly correlated (r = .87) and the lOth rib measurement was more 
highly associated with the weight of ham fat trim than average backfat. 
The single lOth rib measurement was also more highly, negatively 
related to percent lean in the ham and loin and kilograms of lean in 
the ham and loin when compared to average backfat. This is in close 
agreement with work comparing these two fat measure1nent systems 
reported by Cross et al. (1973, 1975), Smith and Carpenter (1973) and 
_Fahey et al. (1977). 
Loin eye area had a larger negative association with the lOth rib 
measurement than with the average measurement. This is in agreement 
with a study reported by Gee (1970). 
Prediction equation coefficients presented in table 45 for lOth 
rib backfat show that average backfat is the single most important 
trait. However, improvement in the coefficient of determination is 
seen when loin eye measurements are included. Equation 2 uses loin eye 
width and average backfat to account for 81% of the variation in lOth 
rib backfat. This is in agreement with Boggs and Merkel' s (1979) 
observation that loin eye size and shape have an influence on the lOth 
rib measurement. 
Interestingly, loin eye width appears to have a larger influence 
than loin eye depth and is more highly negatively (r =-.55~ -.17) 
TABLE 45. PARTIAL REGRESSION COEFFICIENTS FOR EACH TRAIT IN 
PREDICTING lOTH RIB BACKFAT 
Equation 
1 2 3 Trait 4 
Coefficient of 
dztermination, 
R (x ~ . 00) . 
-1.31 
1.26 
74.97 
3.06 3.18 
1.11 1.13 
- •. 42 -.36 
-.14 
81.18 81.66 
related to lOth rib backfat than the depth measurement. Width's 
81.78 
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influence may be in that it moves the lOth rib measurement further a~ay 
from ·the midline. 
Carcass length was negatively correlated to fat measurements and 
fat trim .weight s despite the fact that it was positively correlated 
with carcass weight, which in turn was positively correlated with backfat 
parameters. Carcass length was also correlated with ham lean weight 
(r = .51) and loin lean weight (r = .53), although carcass weight was 
slightly higher in its association with these traits. Carcass weight, 
·as previously noted, was negatively correlated to the percent lean 
determination, while carcass length was positively correlated to all 
percentage lean parameters. These results agree with data reported by 
Adams (1972), Lidvall (1972) and others but are not as conclusive as 
the data presented by Henry (1963) and Topel~ al. (1965), who 
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slaughtered hogs within a narrow weight range and found a much stronger 
association between leanness and length. 
Us.ing residual correlations which have already been discussed, the 
negative relationship between backfat measurements and carcass · length 
became more apparent when the variation due to weight was removed. 
Table 46 presents these correlations which are in close agrement with 
those of Topel~ al. · (1965). 
TABLE 46 ·. CORRELATIONS OF RESIDUALS OF BACKFAT 
MEASUREMEijTS WITH RESIDUALS OF CARCASS LENGTH 
ADJUSTED FOR CARCASS WEIGHT 
Measurement r 
Average backfat -.66** 
lOth rib backfat -.58** 
** P<.Ol. 
Loin eye area was highly associated with the weight of lean in the 
ham and loin and positively related to the perc~nt lean in these cuts. 
This does not differ from results published by several authors cited in 
the literature review. 
Regression formula determination of kilograms of lean and percent 
lean were very highly associated (r = .86 and .84) with cutout deter-
mination of these traits in the ham and loin. The formula used to 
determine these traits was in close agrement with that reported by Fahey 
~ al. (1977) and utilizes carcass weight, loin eye area and the single 
backfat determination at the lOth rib. 
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Prediction formulas from the data of this trial are presented in 
table 47 for kilograms Qf lean in the ham and loin and table 48 for 
percent lean in these wholesale cuts. 
Ham weight and loin eye area were apparently important 
independent variables in predicting the weight of lean and lOth rib 
backf at appeared to be more valuable than average backfat • 
. Coefficients of determination were lower for percent lean 
determination. However, lOth rib backfat and loin eye areas were the 
two most important independent variables. Adding more than these two 
accounted for only a slight increase in predictive value. 
Traits selected in this multiple regression technique are in 
general a grement with work reported by Smith and Carpenter (1973), 
Cross et a l. (1975) and Fahey et al. (1977) but are in disagreement 
with Gee 's (1970) work, which showed average backfat to be more important 
than fat measurements over the longissimus muscle at the lOth rib. 
Discussion 
Comparing the results of analysis of variance within each phase, 
it appears that large framed pigs have a growth rate advantage in three 
out of the five phases and no difference in gain during any part of _ 
the trials in phase V or in phase I. 
Feed/gain from 100 kg to the end favored large framed pigs which 
also had the highest daily intake. This is in agreement with Lasley 
and co-workers' (1979) statement that an increase in dai ly gain is 
accompanied with an increase in efficiency and appetite. However, this 
data did not indicate an increase in fatness as Lasley et a l . suggested. 
TABLE 47. PARTIAL REGRESSION COEFFICIENTS FOR EACH TRAIT USED IN 
PREDICTING KILOGRAMS OF LEAN IN THE HAM AND LOIN 
Equation 
Trait 1 2 3 4 5 6 7 
Intercept -3.11 -3.06 -11.35 -.40 -.17 -3.32 -2.52 
Ham weight 1.43 1.05 • 80 . 64 .86 .88 .86 
Loin eye area •. 12 .13. .06 .OS .07 .07 
Carcass length .13 .04 .04 
Loin weight .55 .64 .60 .61 
.. . ' ~ 
lOth rib backfat -.75 -.70 -.56 -.52 
Carcass weight -.04 -.05 -.05 
. Average backfat -.13 
Coefficient of 67.02 77.38 81.26 86. 72 87.33 87.63 87.69 
dztermination, 
· R (x 100) 
TABLE 48. PARTIAL REGRESSION COEFF I CIENTS FOR EACH TRAIT USED IN 
PREDICTING PERCENT Lr.:AN IN THE HAM AND LOIN 
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--==========================·===== 
-------------------~~~0t~io~n~-------------------
1 2 3 4 5 6 7 __ ...-....:..:..Tr ait 
Intercept 
lOth rib backfat 
Loin eye area 
Average backfat 
Ham weight 
Carcass weight 
Carcass length 
Loin weight 
Coefficient of 
d2tenninat ion, · 
R (x 100) 
67.71 56.58 57.20 55.67 39.98 42.57 44.64 
-3.50 -3.10 -2.56 -2.65 -2.12 -2.31 -2.21 
.28 .30 
-.85 
.28 
-.33 
1.08 1.21 1.23 1.18 
.27 .31 .29 
-.13 -.21 -.23 -.22 
.23 .20 .18 
.21 .25 
63.02 71.62 72.01 72~71 73.68 73.78 73.82 
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On the contrary, all measurements of carcass leanness in this trial 
(backfats, fat trim weights and percent lean determinations) favored 
·the l arge framed pigs with the exception of one parameter in one phase . 
Therefore, these data would tend to agree with several authors· who 
state that larger framed (larger mature sized) animals grow faster, 
are more efficient and contain less fat than their smaller counterparts 
(Goodearl, 1947; Kidwell and McCormick, 1956; Allen et al. 1974; 
Klosterman and Parker (1976). Furthermore, it supports the work of 
Field et al. (196l), . Buck (1963a), Neely et al. (1979) and Drewry (1980), 
who indica~ · e that feed/gain increases as fat content of the carcass 
i ncreases. 
Correlations between backfat and gain pre sented across treatments 
i ndicated a low positive relationship be tween an increase in fat and 
dai ly gain and .that early fatness is detrimental to gain which is in 
close agreemE..nt with a study reported by Hines et al. (1976a). 
Gilts had greater feed efficiency and grea t er appetites than 
·barrows and did outperform barrows in daily gain in two of the four 
phases which compared gilts and barrows. Gilts tended to be leaner 
t han barrows except in phase IV, where small framed barrows were 
atypically lean. Although several authors found barrows to gain 
fas ter to typical m~rket weights, gilts with their added leanness may 
compete favorably in gain and. efficiency wh~n taken to heavier weights~ 
In terms of muscling, large framed pigs had a significant 
advantage in loin eye area in only one phase. This is a reflection on 
the balance in muscularity which was sought between treatment groups. 
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Large framed pigs tended to have more loin eye width. Gilts tended to 
be superior in loin eye area as expected and, therefore, had higher 
determinations of percent lean. 
Large framed pigs had the advantage in percent lean and weight of 
lean determined by regression formula, primarily as a result of their 
leanness since they did not possess larger loin eyes consistently. 
The percent lean in the ham and loin from cutout data, as well as 
kilograms of lean in these wholesale cuts, favored large framed pigs 
in all phases. 
Interestingly, large framed pigs had more separable bone in thei·: 
hams and loins consistently throughout the experiment, with significant 
differences occurring in these traits in some phases. This may indicate 
that the large framed pigs were at an earlier stage of physiological 
maturity at slaughter than the small framed pigs, as bone weight tends 
to decrease as a percent of carcass coffiposition with an increase in 
maturity as shown by Berg and Butterfield (1976), Harbison (1976) and 
R. G. Kauffman (unpublished data). 
Very few significant differences were seen in rib cage parameters. 
However, large framed pigs tended to have more depth of fifth rib (both 
~easurements), more rib cage length and volume and, in four phases, held 
more water in their thoracic cavity. Large framed pigs had less rib 
arch in most cases, though not significantly, and, therefore, had a 
higher ratio of depth to arch. 
The two rib depth measurements were quite highly associated with 
final live body depth (r = .63 and .61) and shoulder height (r = .51 
100 
and .52). These measurements as well as depth:arch tended to be 
negatively correlat ed with backfat but not to a high degree (r values 
ranged from - .26 to - . 41). Regression formulas u tilizing rib cage 
parameters fa i l ed to account for over 16% of the variation in growth 
rate from 100 kg to slaughter. 
· Live measurements consistently supported the trai t s which were 
visually selected at the initiation of each phase. Large framed pigs 
.were deeper, narrower, ta~~er at the . shoulder, l onger bodied, tended 
to have slightly smaller heart girth measurements and less backfat 
than small framed pigs. 
Further s upport of the accuracy of visually assess ing these traits 
is the fact t hat intermediate framed pigs in phase V were intermediate 
in almost all traits, both live and in the carcass. 
Correlati ons between live measurements at differ~nt times through-
out the experiment indicate that shoulder height was t he least variable, 
while heart girth tended to be the most variable from one measurement 
to a subsequent measurement. 
Shoulder height , an indication of long bone growth , tended to be 
positively correlated with carcass length and negativ e ly correlated with 
· measurements of backfat. This is in agreement wi th work reported by 
Hines et al. (1976b), who found leg length to have a negative influence 
on backfat, and Lush (1928), who reported that growth in shoul der 
. height did not keep pace with weight gain during fatten i ng. In some 
instances these indicators were not as evident among t he small framed 
. ' 
treatment group. 
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::Backfat probing as well was highly indicative of an animal's 
-_backfat at slaughter. Corre.lation coefficients ranged f _rom . -68 to • 78 
~ith su~sequent probes and carcass backfat. Average backfat probes 
- ~ere highly, negatively re~ated to the per.cent lean parameters studied 
in those animals which were slaughtered. Backf.at probes had only a 
~:smal l negative association with kilograms of lean calculated by the 
-formu la or from actual cutout. Carcass average ·backfat measurements 
showed similar relationships with weight and percent lean variables.· 
These findings are in c·lose agreement with work reported by Hankins and 
Ellis (1 93 1 •. ), Aunan and Winters (1949), Tribble et alo (1956), Henry 
-~ al. ·(1963) and Cross et al. (1975). 
-L ive \veights taken on dates of measurement increased in their 
~ssociation with final weight as weight increased. Weights coll~cted 
.at time of initial measurements (52 kg) were correlated with final 
·-~weight (r = .30). This correlation increased from .47 to .67 for 
-weights taken at ·first intennediate (76 kg) and second intermediate 
{106 kg) measurements, respectively. 
·iWhile these values were increasing, the relationship of weight 
-~n ~ate of .measurement and percent lean increased in .a negative 
'"~irection .and weight b-ecame more highly, positively correlated with 
·TllWeight of lean. 
-·':These -trends are in agrement with recent work by Smith and 
··:Carpenter (1973) and Cross ~ al. (1975), who reported that as weight 
~ncrease s percent lean decreases. They also agree with work completed 
in ·b eef cattle which showed slaughter weight or carcass weight to be 
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the best predictor of weight of edible portion, while percent edible 
portion decreased with an increase in weight (Green, 1954; Cundiff 
- ~ al., 1967; Busch et al., 1968). 
Body width measurements were positively associated with carcass 
measures of backfat and, therefore, tended to be negatively associated 
with measurements of percent lean. These results are in general agree-
ment with Hankins and Ellis (1934), Hetzer et ·al. (1950) and Wilson 
et al. (1958), who found ~~rious measures of body width to be related 
to fatness. This also agrees with Lush's (1928) work showing an 
increase in body width to be associated ~ith weight gains during the 
fattening phase in beef cattle. 
Final body depth, unadjusted for weight differences, was the 
single best predictor of average daily gain from 100 kg to the end of 
each experimental phase. Christians et al. (1976) found a similar 
relationship in their data from test station barrows which also appeared 
to be unadjust ed for weight. When correlations of residuals were 
calculated to account for variation in weight, the value of the correla-
tion coefficient dropped and became similar to the value reported by 
Hines ~ al. (1976b) on test station boars measured within a narrow 
weight range (2.27 kg). 
Interestingly, final depth of body was much more highly associated 
with kilograms of lean (formula) in the large framed pigs than in the 
small framed pigs (r = .77 ~ .16). This can be explained by the fact 
that large framed pigs were leaner and thus their actual depth (fat-free) 
could be more accurately assessed from live measurements . 
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The live length measurement was not consistently the best predictor 
of carcass length, although it was the same measurement used by Lidvall 
. et al • . (19 72), who found a high correlation between the live trait and 
carcas s l ength. Body depth, shoulder height and the ratio of body depth 
to wi dth all tended to be as good in predictin~ carcass length. 
Heart girth was the measurement most closely associated with live 
weight and was positively correlated with fatness. 
Dep th :width was negatively correlated with fatness and tended to 
be positively associated "lith both we i ght of lean &nd percent lean 
traits. :t was not influenced a grea t deal by live weight which had 
a small negative influence on this trait • 
. I n agreement with studies by Christians et al. (1976) and O~me 
et al . (1 959), live measurements tended to associate themselves more 
closely with traits involving the presence of fat, as no live measurement 
was c l osely associated with loin eye area. Prediction equations using . 
final l i v e measurements failed to account for a sizable portion of the 
~ariation in loin eye area. 
Live measurements were more valuable in predicting fat and length. 
Initial measurements (52 kg) which included fat probe proved to be 
the most valuable 'tvhen compared to intermediate measurements. A possible 
explanation for this may be that these measurements were only collected 
in the f i fth phase and, therefore, do not contain variation across 
. phases. 
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SUMMARY AND CONCLUSIONS 
This project evaluated crossbred hogs of different ·visually 
,assessed frame size treatments taken to heavy weights in five experi-
--mental phases. Phases differed in starting ueight. Live measurements 
were collected at specific times throughout the trial. Eighty pigs, 
49 barrows _and 31 gilts, were slaughtered· for complete carcass data 
.and an additional 32 gilts were fed for gain and feed efficiency data 
but were not slaughtered. A final pen average weight of 136 kg was 
sought in each treatment. 
The ability to gain beyond traditional market o;.,Teights \-las of primar y 
interest in relation to frame size. Large framed pigs did have a slight 
=advantage in this regard as well as having more desirable feed efficiency'. 
Evidence presented here and in other sources indicates that both of 
:these traits are related to the amount of backfat. Early fattening · 
. tends to have negative e~fects on subsequent gain and energetically fat 
is .. expensive to produce. 
Large framed pigs were consistently leaner with less backfat and 
.-a highe r portion of lean .and bone, which are . indications that they ·were 
_at a different stage of compositional maturity than small framed pigs . 
. As .expected, gilts were leaner and more muscular ·than barrows. The 
literature indicates that barro·Rs will outgain gilts to traditional 
.:;market weights. However, gilts competed favorably in gain with barrows 
from 100 to 136 kilograms. ~is supports the fat and gain relationship 
and indicates that gilts are later in their fat maturity than barrows 
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and, therefore, will continue to gain beyond the weight at which barrows 
will plateau. 
Live measurements taken at the initiation of phases supported the 
-visually assessed characteristics sought in the frame size treatments. 
These. visually assessed traits may be the most_ accurate in selecting 
-tor leanness and length and the live measurements were the most useful 
in predicting these traits. Neither live measurements nor rib cage 
~arameters were useful in predicting average daily gain past 
100 kilograms. 
Close agreement was found between ·..:he prediction formulas for 
weight and percent of lean and cutout of closely trimmed, boneless lean 
in the ·ham and loin. 
Carcass le~gth, a controversial carcass measurement, was found to 
be negatively correlated with backfat when variation due to carcass 
weight was removed. Length also has some predictive value in deter-
mining the weight of lean '\vhen combined with wholesale ham weight 
and loin eye area. A single measurement of lOth rib backfat appeared 
to be superior to the traditional average backfat in determining the 
amount of fat trim and percent lean. It appears that this single 
measurement may combine musc-le and leanness traits, since loin eye 
size and shape have an influence on the lOth rib measurement. 
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APPENDIX 
To bet ter describe the small and large framed pigs used in this 
study, two pigs from the South Dakota State University swine herd were 
selected to represent these. frame size treatments. These two 
individuals were not involved in the actual trial. They were 
I 
slaughtered when they attained a live weight in excess of 136 kg and 
after a 24-hour chill were frozen in an upright position. Photos of 
the pigs, their carcasses and cross-sectional views appear in the 
following illustrations (1 through 8). 
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Illustration 1. Side and 
rear views of a large framed 
barrow at 137.90 kilograms. At 
this weight, he was 42.95 em 
deep, 31.41 em wide, 75.64 em 
tall, 88.46 em long and 121.79 
em in heart girth circumference. 
His depth to wid th ratio was 
1.37. 
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Illustration 2. Side and 
rear views of a small framed 
barrow at 140.56 kilograms. At 
this weight, he was 41.03 em 
deep, 33.33 em wide, 67.95 em 
tall, 84.62 em long and 125.64 
em in heart girth circumference. 
His depth to width ratio was 
1.23. 
Illustration 3a. Comparative views of the large and 
small framed pigs live. 
...... 
...... 
""-J 
Illustration 3b. Comparative views of the large and 
small framed pigs in a frozen upright position. 
..... ..... 
00 
Illustration 4. Rear view of the 
small framed barrow (left) and the large 
framed barrow (right). 
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Illustration 5. Front view of the 
large framed (left) and small framed 
(right) barrows. Note differences in 
height, width and general body shape. 
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Illustration 6. Cross-sectional view of the stifle region 
on the small (left) and large (right) framed barrows. 
...... 
N ...... 
Illustration 7. Cross-sectional view of the loin region of 
the small (left) and large (right) framed barrows. Note that 
differences in body shape become apparent in this comparison. 
..... 
N 
N 
Illustration 8. Cross-sectional view at the lOth .rib of 
the small (left) and large (right) framed barrows. Note the 
difference in rib cage depth and shape. · The small framed 
barrow had 4.10 em of lOth rib backfat compared to 2.54 em on 
the large framed pig. Loin eye areas were similar in size. ~ 
N 
w 
Illustration 9. Depth of body, a caliper measurement proximal 
to depth of heart girth just caudal ·to the thoracic limb. 
~ 
N 
~ 
Illustration 10. Width, a caliper 
measurement proximal to width of heart 
girth just caudal to the shoulder. 
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Illustration 11. Shoulder height, 
taken- adjacent to and centered on the 
thoracic limb. 
126 
Illustration 12. Body length, a flexible tape measurement from 
a point on the midline, dorsal to the caudal edge of the thoracic 
limb, to the cranial edge of the tail root. 
to-' 
N 
'-I 
Illustration 13. Heart girth, a flexible tape measurement of 
the circumference of the chest just ' caud-al to the thoracic limb. 
..... 
N 
00 
Illustration 14. Carcasses from small framed (left) and large 
framed (right) pigs representing one replication of phase II. 
...... 
N 
\0 
Illustration 15. Loins from small framed (left) and large 
framed (right) pigs cut at the lOth rib representing one replication 
of phase II. 
...... 
w 
0 
Illustration 16. Carcasses, hams and loins from phase V 
r epresenting (left to right) small, intermediate and large framed 
gilts. Note hams and loins are not necessarily from the carcass 
displayed but were selected to best illustrate the fat and 
muscling differences found in the treatment groups. ..... 
w ...... 
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NOTE: The mean squares presented in these tables are based on 
the English measurement system. 
TABLE 1. ANALYSES OF VARIANCE FOR FEED/GAIN AND AVE~\GE DAILY FEED 
FROM APPROXIMATELY 100 ·KG TO THE END OF EACH TEST (ALL PHASES) 
Mean sguares 
Avg 
daily 
Source df Feed/~ain feed 
Sex 1 .. 52 .05 
Treatment 2 1.14 .29 
Sex x treatment 2 .. 36 .14 
Residual 20. .54 .64 
Total 25 
TABLE 2. ANALYSES OF VARIANCE FOR . INITIAL WEIGHT, FINAL WEIGHT, 
AVERAGE DAILY GAIN AND FINAL DE~TH:WIDTH (PHASE I) 
Source 
·Sex 
Treatment 
Sex x treatment 
Residual 
Total 
* P<.05. 
** P<.Ol. 
df 
1 
1 
1 
28 
31 
Initial 
weight 
220.50 
1.12 
.12 
194.21 
Mean squares 
Avg Final 
Final daily depth: 
weight gain width 
2397.78* .66* .07** 
132.03 .06 .15** 
124.03 .07 .00 
372.92 .09 .01 
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TABLE 3. ANALYSES OF VARIANCE FOR CARCASS WEIGHT, NUMBER OF RIB 
PAIRS, RIB CAGE DEPTH:ARCH AND PERCENT LEAN [FORMULA] (PHASE I) 
Carcass 
Source df weight 
Treatment 1 232.56 
Residual 14 275.74 
T~tal 15 
* P<.05. -.. :... 
** P<.01 . 
Mean 
Number of 
rib pairs 
1.00* 
.14 
squares 
Rib 
depth: 
· ·arch 
.31** 
.02 
Percent 
· lean 
(formula) 
163.20** 
3.94 
TABLE 4. ANALYSES OF VARIANCE FOR FINAL LIVE MEASUREMENTS ADJUSTED 
FOR FINAL LIVE WEIGHT (PHASE I) 
Mean sguares 
Shoulder Heart Avg 
Source df DeEth Width height ·Length girth backfat 
Sex 1 2.02* .75 .04 .18 .09 .71** 
Treatment 1 .42 9.61** 10.17** 21.95** 6.19* .64** 
Sex x 1 .00 .15 .oo 7.50 .01 .01 
treatment 
Adjusted for 1 5.19** 6.32** 11.49** 17.58** 84.31** .40** 
final 
weight 
Residual 27 .46 .28 .73 2.46 1.21 .03 
Total 31 
* P<.05. 
** P<. 01. 
TABLE 5. ANALYSES OF VARIANCE FOR CARCASS MEASUREMENTS ADJUSTED FOR CARCASS WEIGHT (PHASE I) 
Source 
Treatment 
Adjusted for 
carcass 
weight 
Residual 
Total 
* P<.05. 
** P<.Ol. 
df 
1 
1 
13 
15 
Kg 
water 
2.05 
3. 71 
2.08 
Perpen-
dicular 
Carcass fifth 
length rib 
8.26** .40 
4.95** .66* 
.25 .13 
Mean sguares 
Angular Rib lOth Loin 
fifth Rib "cage rib eye 
rib arch length backfat area 
1.13** .02 11.86** 1.85** 3.72** 
.20 .07 5.33** .36* .03 
.11 .02 .24 .06 .10 
..... 
w 
~ 
TABLE 6. ANALYSES OF VARIANCE FOR CARCASS MEASUREMENTS ADJUSTED FOR CARCASS WEIGHT (PHASE I) 
Source 
Sex 
Adjusted for 
carcass weight 
Residual 
Tot a+ 
** P<.01. 
Fat-
free 
df deEth 
1 1.99** 
1 ~ .53 
13 .17 
15 
Ham 
Weight Fat 
4.85** 11.60** 
23.58** 2.89** 
.53 .20 
Mean sg,uares 
Loin 
Lean Bone Weight Fat Lean Bone 
27.91** .11 .00 28.11** 11.47** 4.07** 
7.89** .06 68.27** 26.57** 5.72** .68 
.34 . 06 1.76 2.01 .25 .19 . 
..... 
w 
U1 
TABLE 7. ANALYSES OF VARIANCE FOR CARCASS MEASUREMENTS ADJUSTED FOR CARCASS WEIGHT (PHASE I) 
Mean squares 
Percent lean 
Kg Ham Kg l~an, 
lean and ham and - Rib cage Loin eye 
Source df (formula) Loin Ham loin loin volume Depth Width 
Treatment 1 607.92** 149.87** 273.23** 213.34** 75.16** 56000 .. 74** .05* .80** 
Adjusted for 1 421.30** 27.81* .11 10.90 27.06** 56117.03** .02 .02 
carcass weight 
Residual 
Total 
* P<.OS. 
'** P<.01e 
13 13.03 
15 
5.21 2.92 2.54 .48 3628~12 .009 .03 
.-
w 
0\ 
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TABLE 8. ANALYSES OF VARIANCE FOR INITIAL WEIGHT, FINAL WEIGHT, 
AVERAGE DAILY GAIN AND INITIAL DEPTH:WIDTH (PHASE II) 
Source 
Replication 
Treatment 
Replication x 
treatment 
Residual 
Total 
* P<.OS. 
** P<. 01. 
Initial 
df weight 
1 6201. 56**a . 
1 1.56 
1 3.06 
12 .220. 31 
15 
Mean sg,uares 
Avg Initial 
Final daily depth: 
weight gain width 
702. 25' .16 .01 
3306.2S*b 1.56** .03** 
1936. 0 .77* .00 
666.38 .13 .002 
a Significant replication effect indicates sorting pigs into reps 
to winimize weight range within a pen. . 
See explanation of final weight differences in Results and 
Discussion. 
TABLE 9. ANALYSES OF VARIANCE FOR FINAL .DEPTH:WIDTH, CARCASS WEIGHT, 
NUMBER OF RIB PAIRS, RIB CAGE DEPTH:ARCH AND 
PERCENT LEAN [FORMULA] (PHASE II) 
Mean sguares 
Final Number Rib cage Percent 
depth: Carcass of rib depth: lean 
Source df width weight Eairs arch · (formula) 
Replication 1 .oo 258.04 .08 .03 2.17 
Treatment 1 .04* 15.75 .44 .. 04 A> 7·.82 
Replication x 1 .00 72.32 .01 .02 .52 
treatment 
Residual 9 .01 284.92 .27 o05 3.14 
Total 12 
* P<.OS. 
TABLE 10. ANALYSES OF VARIANCE FOR FINAL LIVE MEASUREMENTS 
ADJUSTED FOR FINAL WEIGHT (PHASE II) 
Mean sguares 
Shoulder Heart 
Source df Depth Width height Length girth 
Replication 1 .10 .20 12.81** .22 9.46** 
Treatment 1 .70* 1.91* 4.02* 4.67* 1.30 
Replication x 1 .07 .28 . 2. 97* .63 .08 
treatment 
Adjusted for 1 3.20** 1.69 3.50* 7.74* 20.31** 
final weight 
Residual a· .13 .35 .51 .51 .66 
Total 12 
* P<.OS. 
"** P<. 01. 
138 
Avg 
backfat 
~00 
.08 
.01 
.13 
.03 
TABLE 11. ANALYSES OF VARIANCE FOR INITIAL LIVE MEASUREMENTS ADJUSTED 
FOR INITIAL WEIGHT (PHASE II) 
Mean sguares 
Shoulder Heart Avg 
Source df DeEth Width hei~ht ·Length ·girth · backfat 
Replication 1 .02 .OS .15 2.22 .47 .00 
Treatment 1 1.17** .53 .73 12.84** .64 .07* 
Replication x 1 .00 .02 .00 .26 .OS .00 
treatment 
Adjusted for 1 .59** .74* 2.99* 12.21** 10.14** .04 
initial weight 
Residual 11 .. 06 .11 .54 .51 .28 .01 
Total 15 
* P<.OS. 
** P<.01. 
Source 
Replication 
Treatment 
Replication x 
treatment· 
Adjusted for 
TABLE 12. ANALYSES OF VARIANCE FOR . CARCASS MEASUREMENTS ADJUSTED 
FOR CARCASS WEIGHT (PHASE II) 
Mean sguares 
Perpen-
dicular Angular 
Kg fifth fifth Rib 
water Carcass rib rib Rib cage 
df held length depth depth arch length 
1 .62 .18 .07 .00 .02 . .54 
1 11.62* 6.98** .16 .55 .00 4.41* 
1 2.33 .03 .22 .19 .00 .09 
1 .OS 3.53* .47 .38 .03 2.08 
carcass weight 
Residual 8 1.81 .43 .24 . ..19 .01 .41 
Total 12 
* P<.OS. 
** P<.Ol. 
lOth 
rib 
backfat 
. • 00 
.22* 
.03 
.29* 
.02 
Fat-
free 
depth 
.06 
1.44 
.07 
2.34 
.55 · 
~ 
w 
\0 
Source 
Replication 
Treatment 
Replication x 
treatment 
Adjusted for 
TABLE 13. ANALYSES OF VARIANCE FOR CARCASS MEASUREMENTS ADJUSTED 
FOR CARCASS WEIGHT (PHASE II) 
Mean squares 
Loin 
eye Ham Loin 
df area Weight Fat Lean ·Bone Weight Fat 
1 .03 .47 .01 2.39 .82 10. 7'1* 1.08 
•' 
1 .00 .19 2.05 1.12 .60 4.48 2.57 
1 .60 .35 .00 .25 .03 14.62* 2. 71 . 
1 1.00* 19.01** 7.06* 7.15** .84 114.60** 38.98** 
Lean 
2.58* 
10.52* 
5.03** 
11.62** 
carcass weight 
Residual 8 .. 14 .48 .84 .51 .65 1.33 .78 .24 
Total 12 
.. . . . ' . ..... 
* P< .05. 
** P<.Ol. 
Bone 
.41 
.44 
.oo 
.97* 
.16 
. . -. 
.... 
.&::--
0 
TABLE 14. 
Source df 
Replication 1 
Treatment 1 
Replication x 1 l-
treatment 
Adjusted for 1 
carcass weight 
Residual 8 
Total 12 
* P< . 05. 
** P<.Ol. 
ANALYSES OF VARIANCE FOR CARCASS MEASUREMENTS ADJUSTED 
FOR CARCASS WEIGHT (PHASE II) 
Mean squares 
Percent 
Kg Lean, Kg lean, Rib 
lean Lean Lean ham and . ham cage Loin e:le 
(formula) loin ham loin and loin volume Depth Width 
.79 .00 17.47* 2.70 9. 95*~- 6178.08 .01 .00 
33.21 64.07* 8.67 28.44* 18.49** 35885.16** .oo .00 
.34 1.52 .13 .16 . 7.51* 1543.60 .01 .01 
389.78** 60.15* .43 . 25.49.* 37.00** 33024,75** ,00 .03 
10.71 7.34 2.65 4,37 .87 2661.86 .Ql -04 
... .. ' .. . .. .. ...... 
..... 
~ ..... 
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TABLE 15. ANALYSES OF VARIANCE FOR INITIAL WEIGHT, FINAL WEIGHT, 
AVERAGE DAILY GAIN, FINAL DEPTH:WIDTH AND INITIAL 
DEPTH:WIDTH (PHASE III) 
Mean sauares 
Avg 
Weight daily DeEth:width 
Source df Initial Final gain Final Initial 
Replication 1 4560.12** 1275.12* .00 .00 .00 
Treatment 1 .so 1012.50 .64* .09** .05** 
Replication x 1 32.00 8.00 .02 .. 00 .00 
treatment 
.... !. 
Sex 1 924.50* 36.12 .45 .00 .01 
Sex x replication 1 50.00 45.12 .18 .00 .01 
Sex x ~rea ·.ment 1 6.12 72.00 .,02 . 00 .01 
Sex x replication 1 105.12 112.50 .00 . 01 .00 
x treatment 
Residual 24 137.94 297.15 .13 .00 .00 
Total · 31 
* P<.OS. 
** P<.01 . 
TABLE 16. ANALYSES OF VARIANCE FOR CARCASS WEIGHT, NUMBER OF RIB PAIRS, 
PERCENT LEAN (FORMULA) AND RIB CAGE DEPTH:.ARCH (PHASE III) 
Mean sguares 
Carcass No. of Percent Depth: 
Source df weight rib Eairs lean arch 
Replication 1 ~42.25 .02 6.00 .14 
Treatment 1 25.00 .02 2.56 .10 
Replication x 1 1.00 .39 1.10 
.0·1 
· treatment 
Residual 12 104.62 .27 
1.57 .14 
Total 15 
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TABLE 17. ANALYSES OF VARIANCE FOR FINAL LIVE MEASUREMENTS 
ADJUSTED FOR FINAL LIVE WEIGHT (PHASE III) 
Mean squares 
Shoulder Heart Avg 
Source df Depth Width height Lertgth · ·g:trth · ·backfat 
Re.plication 1 .38 .10 .so 5.80 .00 .00 
Treatment 1 .89** 4.00** 11.14** 1.09 2.64 .42** 
Replication x 1 1.10** .62 .56 1.45 3.15 .04 
treatment 
Sex '.1 - .'65* .82 ·• 95 3.22 11.17** 1.43** 
Sex x replication 1 .01 .07 .02 .02 .33 .oo 
Sex x treatment 1 .10 .14 2.64* .00 .03 .02 
Sex x replication 1 .18 .14 2.19 2.17 .59 .01 
x treatment 
.Adjusted for 1 2.78** 2.45** 1.75 5.37 25.78**· .06 
final weight 
Residual 23 .11 .. 21 .52 1.84 0 74 .·01 
Total 31 
* P<.OS. 
** P<. 01. 
Source 
Replication 
Treatment 
Treatment x 
replication 
Adjusted for 
c~rcass weight 
Residual 
Total 
* P<.OS. 
** P<.Ol. 
TABLE 18. ANALYSES OF VARIANCE · FOR CARCASS MEASUREMENTS 
ADJUSTED FOR CARCASS WEIGHT (PHASE III) 
Mean sg,uares 
Perpen ..... 
dicular Angular 
Kg fifth fifth ' Rib . . 
water Carcass rib rib Rib ~ cage 
df held weight depth · depth arch length 
1 .27 .42 .08 .26 .08 .01 
1 4.58 5.31** .31 .48 .00 1.20 
1 .05 .oo .oo ,04 ,02 .01 
1 .40 1.72 .11 .42 .01 .35 
11 1.90 .53 ~08 .10 "06 ,54 
15 
lOth 
rib 
backfat 
,02 
.18* 
. • 04 
,19.* 
."0.3 
. . . . . • • • • 0 ••••••• • • • • •• • • 
Fat-
free 
depth 
.40 
2,21* 
.30 
,01 
,25 
..... 
~ 
~ 
TABLE 19. 
Loin 
eye 
Source df area 
Replication 1 .11 
Treatment 1 .. 00 
Replication x 1 .00 
treatment 
Adjusted for· 1 .45 
carcass weight 
Residual 11 .11 
Total 15 
* P<.OS. 
** P<. 01. 
ANALYSES OF VARIANCE FOR CARCASS MEASUREMENTS 
ADJUSTED FOR CARCASS WEIGHT (PHASE III) 
Mean sguares 
Ham Loin 
Weight Fat Lean Bone Weight Fat 
.01 .13 .13 .01 .20 
.. 
.09 
.i 
1.79 .13 1.32 .36* 1.57 6.48 
2.16 .02 3.14** .01 2.00 3.15 
3.76 3.39 .01 .oo 57.16** 27.99** 
1.03 .78 .29 .04 2,80 1.72 
. . . . 
Lean 
1.45 
.02 
.25 
2,92* 
• 39_ 
Bone 
.54 
2.28** 
.07 
.29 
.21 
.... 
~ 
Vt 
Source 
Replication 
Treatment 
Replication x 
treatment 
Adjusted for 
carcass weight 
Residual 
Total 
* P<.OS ' 
** P<.01. 
TABLE 20. ANALYSES OF VARIANCE FOR CARCASS MEASUREMENTS 
ADJUSTED FOR CARCASS WEIGHT (PHASE III) 
Mean squares 
Percent 
Kg Lean, Kg lean, 
lean Lean Lean ham and h~m 
df (formula) loin ham · ·loin anq ·loin 
1 10.26 13.13 1.29 5.76 2.46* 
1 18.33 2.10 1.95 2. 87 . 1.01 
1 5.35 20.89 13.77 19.37 5.16* 
1 211.27** 49.22* 15.86 39.54* 3.34* 
11 7.46 5.17 6.77 4.38 .55 
15 
. . . . . . . . 
Rib 
cage 
volume 
1555.77 
16368.34 
5195.89 
4841.55 
7514.58 
Loin ele 
Depth Width 
.02 .04 
.01 .01 
.02 .06 
.05 .00 
.02 .-03 
..... 
~ 
0\ 
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TABLE 21. ANALYSES OF VARIANCE FOR INITIAL LIVE MEASUREMENTS 
ADJUSTED FOR INITIAL WEIGHT (PHASE III) 
Mean sguares 
Shoulder Hear.t 
Source df De~th Width height Length girth Backfat 
Re!;plication 1 .22 .. 06 .71 .37 .. 22 .01 
Treatment 1 .00 3.49** 20.68** 4.07 3.00 .43** 
Replication x 1 .10 .04 .13 .. 06 .. 04 .14* 
treatment 
Sex 1 .15 .. 58 .17 .61 1.43 .31** 
Sex x replication · l 
. . 
.11 .. 16 .. 12 2.06 .63 .09* 
Sex x treatment 1 .. 51 .02 oOO .05 .01 .08 
Sex x replication 1 .09 .. 01 o17 .. 66 .10 .07 
x treatment 
Adjusted for 1 .84* 1.09* .. 13 1.38 18.50** .07 
!nitial weight 
Residual 23 .13 .19 .. 80 1 .. 46 1.00 .02 
Total 31 
* P<.OS. 
** P<. 01. 
TABLE 22. ANALYSES OF VARIANCE FOR INITIAL WEIGHT, FINAL WEIGHT, 
AVERAGE DAILY GAIN (UP TO 100 KILOGRAMS), INITIAL DEPTH:WIDTH 
AND INTERMEDIATE DEPTH:WIDTH (PHASE IV) 
Mean sguares 
Avg daily DeEth:width 
gain Inter-
Weight To 100 Post 111edi-
Source df Initial Final kg 100 kg Initial ate 
Sex 1 33.06 540.56 .01 .04 . 00 .00 
Treatment 1 22.56 27.56 ·• 89* ·• 21 .04* .08* 
Sex x treatment 1 18.06 264.06 • 22 . ..17 .oo .00 
Residual 12 230.19 1464.52 . • 15 .20 .01 .oo 
Total 15 
* P<.OS. 
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TABLE 23. ANALYSES OF VARIANCE FOR FINAL DEPTH:WIDTH, CARCASS WEIGHT, 
NUMBER OF RIB PAIRS, RIB CAGE DEPTH:ARCH AND 
Source 
Sex 
Treatment 
Sex x treatment 
Residual 
Total 
Sex 
* P<.05. 
** P<.01. 
TABLE 24 . 
Source 
Treatment 
Sex x treatment 
Adjusted for 
final weight 
Residual 
Total 
* P<.05. 
** P<. 01. 
PERCENT LEAN [FORMULA] (PHASE IV} 
Mean squares 
Final Number Rib cage Percent 
· depth: Carcass of rib depth: lean 
df width weight pairs arch (formula) 
1 .00 17.36 .15 .00 12.00 
1 .11** 6.09 .01 .. 61* 5.39 
1 .02 46.09 .15 .05 5.61 
, ~ 
10- .01 509.68 .29 .06 3.59 
13 
ANALYSES OF VARIANCE FOR FINAL· LIVE MEASUREMENTS 
ADJUSTED FOR FINAL WEIGHT (PHASE IV) 
Mean sg,uares 
Shoulder Heart Avg 
df Depth Width height Length girth backfat 
1 .. 15 .08 5.17** .oo 13.20** .01 
1 4.56** 2.11* 26.40** .01 .64 .12 
1 2.46* .00 .00 1.40 5.80 .02 
1 5.15** 2.46* 12.04** 10.12 21.70** .07 
9 .26 .41 .47 5.97 1.24 .04 
13 
Source 
Sex 
Treatment 
Sex x treatment 
Adjusted for 
carcass weight 
Residual 
Total 
* P<.OS. 
** P<.Ol. 
TABLE 25. ANALYSES OF VARIANCE FOR CARCASS MEASUREMENTS 
ADJUSTED FOR CARCASS WEIGHT (PHASE IV) 
Mean sguares 
Perpen-
dicular Angular 
Kg fifth fifth Rib . lOth 
Carcass water rib rib Rib - cage rib 
· df · - length · · held · ·depth · · depth ·arch · length _ fat · 
1 .82 .26 ,Ql .02 ,01 .89* .02 
1 1.62 2.98 .95* 1.36* .11 .93* .11 
1 .21 .57 .56 .61 .oo .01 .07 
1 10.17** 33. 86** . • 9.4* .35 ,08 3.75** .12 
9 .52 ~.17 .13 ~21 ,02 .09 .. 07 
13 
Fat-
free 
depth 
1.16* 
5.24** 
3.27** 
3.17** 
.22 
Loin 
eye 
area 
3.45* 
.05 
.26 
1.58* 
.15 
.... 
~ 
\0 
Source 
Sex 
Treatment 
Sex x treatment 
Adjusted for 
carcass weight 
Residual 
Total 
* P<.OS. 
** P<.Ol. 
TABLE 26. ANALYSES OF VARIANCE FOR CARCASS MEASUREMENTS 
ADJUSTED FOR CARCASS WEIGHT (PHASE IV) 
Mean sguares 
Ham · Loin 
df Weight Fat Lean · Bone · l-7eight ·Fat 
1 .47 1.99 .13 .16 .30 ~ 1.17 
I 
1 .23 3.04* 2.50 .47* 1.79 ;-1. 97 
1 .00 .27 .28 .01 15.16** 13.57* 
1 34.65** 5.06* 11.12* .12 102.99** 19.52* 
9 1.24 .56 1.88 .07 1.03 2.49 
13 
.. ' .. ' ....... . ....... 
Lean 
1.60 
1.10 
.32 
29.64** 
1.37 
Bone 
.04 
.73 
.78 
.26 
.28 
.... 
""' 0 
TABLE 27. ANALYSES OF VARIANCE FOR CARCASS MEASUREMENTS 
ADJUSTED FOR CARCASS WEIGHT (PHASE IV) 
Mean ·sguares 
Percent 
Kg Lean, Kg lean, Rib 
lean Lean Lean ham and ham and cage 
Source df (formula) loin ham loin loin volume 
Sex 1 62.90 15 .• 42 8.99 11.13 2.66 "8902.74 
Treatment 1 22.75 2.10 25.40 3.89 .28 3170.99 
Sex x treatment . 1 29.68 85.70 3.24 34.56 1.21 10143.08 
Adjusted for. 1 1202.14** 1.35 1.06 .13 75.45** 57930.21** 
carcass weight 
Residual 9 19.65 18.55 12.47 14.25 5.84 3140.55 
Total . 13 
* P<.05. 
** P<. 01. 
Loin eye 
Depth Width 
.05 .25** 
.08 .25** 
.00 .04 
.22* .00 
.02 .02 
~ 
VI 
~ 
152 
TABLE 28. ANALYSES OF VARIANCE FOR INTERMEDIATE LIVE MEASUREMENTS 
ADJUSTED FOR LIVE WEIGHT AT TIME OF MEASUREMENT (PHASE IV) 
Mean sg,uares 
Shoulder Heart Avg 
Source df DeEth Width height Length girth backfat 
Se~ 1 .35 .03 ·• 34 .03 .02 .01 
Treatment 1 .47 4.03** 3.86* 2.20 1.62 .14* 
Sex x treatment 1 .15 .12 .09 2.77 .61 .07 
Adjusted for 1 5 •. 841<* 3.91** 8.09** 7.78 53.13** .27** 
live weight 
Residual 11 .16 .10 .52 3.61 .66 .02 
Total 15 
* P<.OS. 
** P<.Ol. 
TABLE 29. ANALYSES OF ·vARIANCE FOR INITIAL LIVE MEASUREMENTS 
ADJUSTED FOR INITIAL LIVE WEIGHT (PHASE IV) 
Mean sguares 
Shoulder Heart Avg 
Source df DeEth Width height Length girth backfat 
Sex 1 .03 .05 .07 .17 .89 .06* 
Treatment 1 .20 1.29 7.77** 6.99 .13 .17** 
Sex x treatment 1 .00 .00 .03 .04 1.09 .03 
Adjusted for 1 1.48** .03 2.34* .14.64* 10.94** .01 
live weight 
Residual 11 .07 • 28 .28 . 1.83 .67 .01 
Total 15 
* P<.OS. 
** P<. 01. 
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TABLE 30. ANALYSES OF VARIANCE FOR INITIAL WEIGHT, INITIAL AND 
INTERMEDIATE DEPTH:WIDTH AND AVERAGE DAILY GAIN 
[START TO 72.5 KILOGRAMS] (PHASE V) 
Mean sguares 
Avg 
DeEth:width daily 
First Second gain 
Initial inter- inter- to 72.5 
Source df weight Initial mediate mediate kg 
Sex 1 .20 . 02** .00 .03 .05 
Treatment 2 11.24 . • 03** .03** .06** .13 
Sex x treatment ·2 107.17 .01 .00 .02 .01 
Residual 16 73.88 .00 .00 .. 01 .08 
Total 21 
·** P<.01. 
TABLE 31. ANALYSES OF VARIANCE FOR FINAL WEIGHT, AVERAGE DAILY GAIN 
(72.5 TO 100 KILOGRAMS), AVERAGE DAILY GAIN (100 KILOGRAMS TO 
END), AVERAGE DAILY GAIN ENTIRE TEST, FINAL DEPTH:WIDTH, 
CARCASS WEIGHT, RIB CAGE DEPTH:ARCH AND NUMBER OF 
RIB PAIRS (PHASE V) 
Mean sguares 
Avg daily 
gain 
72.5 100 Rib No. 
to kg En- Final Car- cage of 
Final 100 to tire depth: cass depth: rib 
Source df wt kg end test width wt arch Eairs 
Sex 1 69.14 .00 .23 .06 .01 262.10 .03 .48 
Treatment 2 17.18 .07 .00 .00 .04** 48.12 .17 .15 
Sex x treatment 2 21.46 .14 .10 .00 .02 60.60 .20 .05 
Residual 15 509.50 .05 .07 .. 03 .. 01 388.56 .12 .23 
Total 20 
** P<.Ol. 
TABLE 32. ANALYSES OF VARIANCE FOR PERCENT 
LEAN [FORMULA] (PHASE V) 
Mean 
sguares 
Percent 
Source df lean 
Sex 1 11.67 
Treatment 2 14.45 
Sex x treatment 2 4.08 
.. 
Residual 14 5.42 
Total 19 
TABLE 33. ANALYSES OF VARIANCE FOR FINAL LIVE MEASUREMENTS 
ADJUSTED FOR FINAL WEIGHT (PHASE V) 
Mean . sguares 
Shoulder Heart 
Source df Depth Width height Length girth 
Sex 1 • 32 1.35 2.58 . 78 1.51 
Treatment 2 1.40* 1.19 3 •. 77 .35 .45 
Sex x treatment 2 .06 1.33 .36 3. 88 .41 
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Adjusted for 1 6.04** 3.35* 1.16 .06 21.95** 
final weight 
Residual 14 .27 0 39 1.02 3.84 .45 
Total 20 
* P<.05. 
** P<.01. 
TABLE ·34. ANALYSES OF VARIANCE FOR SECOND INTERMEDIATE LIVE 
MEASUREMENTS ADJUSTED FOR LIVE WEIGHT AT TIME 
OF MEASUREMENT (PHASE V) 
Mean sguares 
Shoulder Heart 
Source df Depth Width · height . Length· ·girth · 
Sex 1 .45 . . 56 .1.76 . 5. 23 2.96 
Treatment 2 .71 2.26* 5.26* 2.26 .68 
Sex x treatment 2 .49 .33 3.38 6.06 1.25 
Adjusted for 1 2.75** • 85 !'.19 14.78 37.80** 
live weight 
Residual 15 .25 • 38 1.39 4.72 1.09 
Total 21 
* P<.05. 
** P<. 01 • 
. TABLE 35. ANALYSES OF VARIANCE FOR FIRST INTERMEDIATE LIVE 
MEASUR~lliNTS ADJUSTED FOR LIVE . WEIGHT AT TIME OF 
MEASUREMENT (PHASE V) 
Mean sg,uares · 
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Avg 
backfat 
probe 
.11 
.30** 
.01 
.01 
.03 
Avg 
Shoulder Heart back fat 
Source df Depth Width . height Length · · ·girth · ·probe 
Sex 1 .14 .05 .31 7.00* .00 .02 
Treatment 2 .14 1.34 1.28 11.88** 1.78 .10** 
Sex x treatment 2 .00 .49 1.15 3.12 2.25 .01 
Adjusted for 1 2.86** 1.53** 2.90 7. 31* 14.60** . 01 . 
live weight 
Residual 15 .08 .17 o65 1.52 .67 .01 
Total 21 
* P<. 05. 
** P<. 01. 
TAB.LE 36. ANALYSES OF VARIANCE FOR INITIAL LIVE MEASUREMENTS 
ADJUSTED FOR INITIAL WEIGHT (PHASE V) 
Mean sguares 
Shoulder Heart 
Source df De_Eth Width height Length .girth 
Sex 1 .10 .71** · .00 5.39* .73 
Treatment 2 .26* . • 73** 4.54** 4.48* 1.00 
Sex x treatment 2 .10 .09 .03 1.53 .01 
Adjusted for 1 1 ~ 02** • 09 . 5 .• 45** 1.87 5.63** 
initial weight 
Residual 15 .06 .04 o29 0 85 o50 
Total 21 
* P<.05 • . 
** P<. 01. 
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Avg 
backfat 
.06** 
.07** 
.02** 
.01 
.00 
Source df 
Sex 1 
'lre•tment 2 
St!x x trestmeot 2 
Adjusted for 1 
carcalls weight 
Reddual 14 
Total 20 
• P<.OS. 
** P<.Ol. 
TABLE 37. ANALYSES OF VARIANCE FOR CARCASS MEASUREMENTS ADJUSTED FOJt CARCASS WEiGHT (PHASE V) 
fo\Mn squares 
Perpen-
dicular .•.n~ular 
Kg Car- fift:l fi!th Rib Loin Ham Ham Loin Kg lean. Loin 
Wi!ter cat>s r!b rib Rib cage eye lea\\ bon .... lean ham and bone 
held length der.!h de2th arch length area wt wt wt loin vt 
1. 72 3.85* .6711 .12 .04 .37 .18 13.38* .36 1.52 23.93 1.89** 
.74 1.30 .38 .68 .02 .16 .47 3.20' .15 .03 3.34 .40 
" 
.35 1.14 .13 .12 .06 .33 .34 1.51 .15 .36 ~i 1.52 .10 ) · 
,. 
.15 4.75"'* .91* .95* .00 .84 2.63* 30.03** .72** 30.32** 120 . 7lit* .12 
' 4.86 .46 .14 .!9 .04 .42 .37 2.61 .07 1.03 5.78 .13 
Ril: 
cage 
volume 
14726.19 
5700.10 
5058.04 
26377.62 
6400.15 
Loin ey!:.__ 
Deoth \olidt!l 
.0~ .o.r; 
.03 .08 
.07 .01 
.16* .13 
.03 .04 
..... 
Vt 
....... 
TABLE 38. 
Sourctt df 
Sex 1 
Treata:ent 2 
Sex x treatment 2 
Adjusted for 1 
cnrcau weight 
Residual l3 
Total 19 
* P<.05. 
:tit P<.Ol. 
ANALYSES OF VARIANCE FOl CARCASS MUSUREMEN'l'S ADJUSTED FOR CARCASS WEIGHT (PHASE V) 
Kean ·sQuares -
lOth Fat- Kg 
t;ib free 'Rat:~ Loin Percent lean lean 
back fat de~~ht Fat""'"Wi ·W2itht Fa~ trim I.oin Ham f•>rmula 
.27 . 51 1.32" 2.13 8.87* 27.36** 61.14 45 . . 54 61.00 
.29 .3.64"* 1.70 .&8 8.21"' 14.01* 44.22 18.93 70.45 
.26 .23 1.32 .ll .1 1.89111 9.93 12.57 ,. 1. 73 23.55 
.15 3. 71* 68.0~** 4.0a* 123.13** 23.43* .08 ·.67 1343.75*" 
.08 .24 1.24 .63 1.83 2.92 14.25 18.42 29.58 
Percent 
lean, 
ham and 
loin 
61.38 
26.44 . 
. 8.42 
. • oo 
16.20 
~ 
VI 
00 
TABLE 39. ANALYSES OF VARIANCE FOR AVERAGE 
BACKFAT ADJUSTED FOR FINAL WEIGHT 
(PHASE V) 
Mean 
sguares 
Avg 
Source df backfat 
Sex 1 .42** 
Treatment 2 .21** 
Sex x treatment 2 .03 
Adjuste4 for 1 .17 
final weight 
Residual 13 .03 
Total J'l 
· ** P<. 01. 
TABLE 40. LEAST SQUARES MEANS FOR REPLICATION 
X TREATMENT INTERACTION FOR AVERAGE 
DAILY GAIN (PHASE II) 
Treatment 
.Repli- Large Small 
cation framed framed 
1 .57 .49 
2 • 86 .38 
TABLE 41. LEAST SQUARES MEANS FOR REPLICATION 
X TREATMENT INTERACTION FOR FINAL 
SHOULDER HEIGHT (PHASE II) 
Treatment · 
Repli- Large Small 
cation framed framed 
1 73.96 73.48 
2 70.62 64.28 
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TABLE 42. LEAST SQUARES MEANS FOR REPLICATION 
X TREATMENT INTERACTION FOR LOIN WEIGHT 
(PHASE II) 
Repli-
cation 
1 
2 
-.. ~ 
Large 
framed 
12.89 
13.02 
Treatment 
Small 
framed 
13.42 
11.22 
TABLE 43. LEAST SQUARES MEANS FOR REPLICATION 
X TREATMENT INTERACTION FOR LOIN LEAN 
WEIGHT (~RASE II) 
Treatment 
Repli- Large Small 
cation framed framed 
1 6.84 6.55 
2 7.02 5.36 
TABLE 44. LEAST SQUARES MEANS FOR REPLICATION 
X TREATMENT INTERACTION FOR KILOGRAMS LEAN 
IN THE HAM AND LOIN (PHASE II) 
Treatment 
Repli- Large Small 
cation framed ·framed 
1 14.63 14.17 
2 14.47 12.34 
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TABLE 45. LEAST SQUARES MEANS. FOR REPLICATION 
X TREATMENT INTERACTION FOR FINAL 
Repli-
cation 
1 
2 
DEPTH (PHASE III) 
Large 
framed 
41.97 
42.32 
Treatment · 
Small 
framed 
42.01 
40.45 
TABLE 46. LEAST SQUARES MEANS FOR SEX X 
TREATMENT INTERACTION FOR FINAL 
SHOULDER HEIGHT (PHASE III) 
· Sex · 
Treatment Barrow Gilt 
Large fr arned 72.39 74.76 
Small framed 70.64 70.04 
TABLE 47. LEAST ·SQUARES MEANS FOR REPLICATION 
X TREATMENT INTERACTION FOR HAM -LEAN 
WEIGHT (PHASE III) 
Treatment 
Repli- Large Small 
cation framed framed 
1 7.42 6.75 
2 6.92 7.06 
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TABLE 48. LEAST SQUARES MEANS FOR REPLICATION 
X TREATMENT INTERACTION FOR KILOGRAMS LEAN 
IN HAM AND LOIN (PHASE III) 
Treatment 
Repli- Large Small 
cation framed framed 
1 13 .• 43 12.81 
2 12.52 12.86 
TABLE 49. LEAST SQUARES MEANS FOR REPLICATION 
X TREATMENT INTERACTION FOR INITIAL AVERAGE 
BACKFAT PROBE (P:~SE III) 
Repli-
cation 
1 
2 
Large 
framed 
2~06 
2.52 
Treatment 
Small 
framed · 
2.99 
2.77 
TABLE 50. LEAST SQUARES MEANS FOR SEX X 
REPLICATION INTERACTION FOR INITIAL 
AVERAGE _BACKFAT PROBE (fHASE III} 
Sex 
Repli-
cation Barrows Gilts 
1- 2.94 2.11 
2 2.80 2.49 
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TABLE 51. LEAST SQUARES MEANS FOR SEX X 
TREATMENT INTERACTION FOR FINAL 
DEPTH (PHASE IV) 
Sex 
Barrows 
Gilts 
Large 
framed . 
41.62 
43.25 
Treatment 
Small 
framed 
40.81 
38.09 
TABLE 52. LEAST SQUARES MEANS FOR SEX X 
TREATMENT INTERACTION FOR FAT-FREE 
DEPTH (PHASE IV) 
Treatment 
Large Small 
Sex framed framed 
Barrows 36.33 35.68 
Gilts 37.35 31.66 
TABLE 53. LEAST SQUARES MEANS FO~ SEX X 
TREATMENT INTERACTION FOR LOIN 
WEIGHT (PHASE IV) 
Sex 
Barrows 
Gilts 
Large 
framed 
. 12.45 
11.36 
Treatment 
Small 
framed 
11.82 
12.65 
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TABLE 54 . LEAST SQUARES MEANS FOR SEX X 
TREATMENT INTERACTION FOR LOIN FAT 
TRIM WEIGHT (PHASE IV) 
Sex 
Barrows 
Gilts 
Large 
.framed 
3.68 
3.04 
Treatment 
Small 
framed 
3.11 
4.29 
TABLE 55. LEAST SQUARES MEANS FOR SEX X TREATMENT 
INTERACTION FOR INITIAL AVERAGE BACKFAT (PHASE V) 
Treatment 
Inter-
Large mediate Small 
Sex framed framed framed 
Barrows 1.35 1.26 1.89 
Gilts 1.02 1.25 1.38 
TABLE 56. LEAST SQUARES MEANS FOR SEX X TREATMENT 
INTERACTION FOR LOIN WEIGHT (PHASE V) 
Treatment 
Inter-
Large mediate Small 
Sex framed framed framed 
Barrows 12.97 13.11 14.91 
. -
Gilts 12.77 13.47 12.89 
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